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3Abstract
This thesis explored householders’ perceptions of energy consumption and
saving using novel methods and drawing on cognitive theories of categorisation
and heuristics.
Judging the energy consumption of household appliances is difficult; judging
the effectiveness of energy-saving measures even more so. The research in this
thesis proposed, and found support for, a model in which householders try to
simplify energy judgements using heuristics. In heuristic energy judgements,
people substitute energy consumption or savings with easier-to-access features
of appliances and measures. For example, inferring high energy consumption
from appliances that produce heat, and high energy savings from measures that
reduce heat production.
Part I: A systematic literature review of the small amount of existing heuristic
energy judgements research identified a common assumption that heuristic fea-
ture substitution underlies energy judgements, but there were gaps in how the
theory explains energy judgements. A novel theoretical model was constructed
using established cognitive theories of categorisation and heuristic judgement
making.
Mixed methods were used to identify existing and novel heuristic cues used
in energy consumption judgements, including the size and heat production of
appliances. The heuristic elicitation design and other correlational methods were
compared. The difference in coefficients from different methods underlined the
importance of selecting appropriate methods for the research question and clear
reporting.
Part II: Mixed methods were used in a novel exploration of the heuristic
cues used in energy savings judgements, including heat reduction, appliance
consumption, usage reduction, and measure frequency. A paired comparisons
study design enabled a novel multidimensional analysis of heuristic energy sav-
ings cues and how they are used.
Part III: Householders intuitively try to simplify their energy judgements us-
ing heuristics. Giving them more information is unlikely to help. Interventions
to help people save more energy need to be designed to work with, not against,
the heuristic cues they intuitively use.
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Glossary
appliances Energy-consuming machines or devices found in households in the
UK. In this thesis, machines and devices not normally described as appli-
ances, such as cars, lawnmowers, and TVs, are collectively referred to as
appliances alongside the more usual kitchen appliances.
attribute See feature.
attribute substitution See feature substitution.
cue See heuristic cue.
energy consumption The use of energy (usually mains electricity or gas) by an
appliance. Distinguishable from “use” or “usage” which, in this thesis,
refers to the householder’s operation of the appliance.
energy judgements Estimates of the amount of energy consumed or saved by
the appliance or measure. This might involve indicating which of two ap-
pliances consume the most energy or which of two measures save the most
energy, which is often known as a “decision” in the literature but all are
referred to as judgements in this thesis.
energy perceptions The inferences or judgements of how much energy is con-
sumed by an appliance or saved by a measure.
energy savings The reduction of energy consumption. Also referred to as “en-
ergy conservation” in the literature.
energy-saving measure An action a householder can take to save energy. A mea-
sure can involve reducing the amount of time an appliance is used, modi-
fying the appliance, modifying how the appliance is used, or replacing an
appliance with a more efficient one.
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feature A piece of information about (an attribute or property of) a household
appliance or energy-saving measure. Features can be tangible or tangible
properties of the appliance or measure. For example, three features of a ket-
tle might be that it heats water, is made of metal, and is purple. Features of
an appliance might be used as heuristic cues if they are perceived as asso-
ciated with the appliance’s energy consumption but this is not necessarily
the case.
feature substitution A heuristic process, referred to as attribute substitution by
Kahneman and Frederick (2002), in which an inaccessible feature of a house-
hold appliance or measure is substituted with an easily accessible feature of
the household appliance or energy-saving measure. For example, the size
of an appliance is easily observable but its energy consumption is not, so,
when judging the energy consumption of an appliance, the person substi-
tutes the hard question (how much energy does the appliance consume?)
with the easy question (how big is the appliance?).
heuristic A way of simplifying a judgement to save effort by ignoring a large
amount of the information that is relevant to the judgement.
heuristic cue A source of information to use in a judgement. Features of an appli-
ance or measure can be used as cues in heuristic energy judgements to infer
energy consumption or savings (through the process of feature substitution).
Sometimes referred to as “aspects” (e.g. Tversky, 1972).
heuristic energy judgements Making an energy judgement using heuristic pro-
cesses such as feature substitution.
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Chapter 1
Introduction
1.1 Problem statement
People are given increasing amounts of information and feedback about their
household energy use but a long tradition of decision-making research shows
that people do not, and often cannot, seek out, take in, and systematically weigh
up all of the relevant facts before making a judgement. Instead, they use heuris-
tics, rules-of-thumb, to simplify the numerous complex judgements they have to
make in their everyday lives. It is important to understand then what heuristics
people intuitively use to make judgements about energy consumption. Under-
standing people’s mental models of energy use is essential to being able to de-
sign effective behaviour-changing interventions and policies in order to reduce
household energy consumption.
International goals to reduce CO2 emissions levels include reducing domes-
tic energy consumption (e.g., European Union, 2017a, 2017b). Households and
passenger transport together account for 55% of total energy use in the UK (BEIS,
2017a). Although the efficiency of household appliances is increasing, the energy
consumption of individual UK households and the number of UK households
overall are also increasing (BEIS, 2017a). If domestic energy consumption is to be
reduced, people need to become more effective at saving energy in their homes.
Estimating energy consumption and energy savings is a complex task. Mains-
supplied electricity and gas are largely invisible to end-users (Burgess & Nye,
2008; Kidd & Williams, 2008) and cannot be directly seen, touched, or heard. A
small number of studies over the past 35 years have found evidence to suggest
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that people use heuristics to help them infer how much energy is consumed by in-
dividual appliances in their households. The studies used a range of methodolog-
ical approaches and focused on revealing some of the features (such as size, dura-
tion of use, visibility) of energy-consuming appliances that householders might
use as heuristic cues from which they can infer energy consumption (Baird &
Brier, 1981; Chisik, 2011; Kempton & Montgomery, 1982; Schley & DeKay, 2015;
Schuitema & Steg, 2005; van den Broek, 2016). No previous research has investi-
gated whether or how people use heuristics to help them infer how much energy
is saved by energy-saving measures.
The research in this thesis investigates the heuristic cues that people use to
infer both the energy consumption of appliances (in Part I) and the effectiveness
of energy-saving measures (in Part II). It explores how the cues are used in each
case and the relationship between them.
1.2 Research questions
The studies reported in this thesis (Chapters 3, 4, 5, 6, 7) used mixed methods to
explore two main research questions:
1. How do people infer the energy consumption of common household appli-
ances?
2. How do people infer the effectiveness of common household energy-saving
measures?
1.2.1 Theoretical framework
The theoretical framework of this thesis is based on heuristic theories of saving
effort in complex judgements; in particular, feature substitution, the process of sub-
stituting difficult questions (i.e. how much energy does the appliance consume?)
with easy questions (e.g. how big is the appliance?). Much of the limited lit-
erature that has previously investigated people’s perceptions of the energy con-
sumption of appliances has used a similar framework. However, descriptions
of how feature substitution works (“attribute substitution”, Kahneman & Fred-
erick, 2002) are imprecise and ambiguous, which makes it difficult to apply to
the domain of energy judgements. In the main literature review of this thesis
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(Chapter 2), the framework is applied to energy consumption judgements and
the difficulties are discussed. To fill the gaps that are not clearly explained by
feature substitution, a categorisation-based model is constructed to show how
people use cues based on features of appliances to infer the energy consumption
of the appliances. This model is provided to give a background to how the cues
investigated in the subsequent studies are assumed to operate. The model is used
to frame and guide the analyses.
1.2.2 Use of mixed methods
Mixed methods were used to address both research questions. Qualitative and
quantitative methods were used equally with neither more dominant than the
other. The aim of using mixed methods was to triangulate findings and to benefit
from the complementarity of qualitative and quantitative methods (R. B. Johnson,
Onwuegbuzie, & Turner, 2007).
In Part I of this thesis, the research began with qualitative interview studies to
understand how people make judgements about how much energy is consumed
by appliances and what heuristic cues they use to help simplify the judgements.
The top-down approach to identifying the cues was informed by the previous
research in the literature. A subset of the cues identified were then quantified to
try to capture and assess the strength of those concepts across larger samples of
people to enable greater generalisability of the findings. The quantitative stud-
ies adopted correlational methods recommended in the heuristic literature to test
hypotheses about people’s use of the cues. An evaluation of the correlational
methods used to quantify the energy consumption cues revealed some variation
between participants’ perceptions which demonstrated the importance of select-
ing appropriate methods for the research question.
In Part II of this thesis, the research again began with qualitative interview
studies to understand how people make judgements about how much energy is
saved by common energy-saving measures. It quickly became clear that a more
bottom-up approach would be necessary to analyse the interview data about en-
ergy saving cues, though it was informed by the analysis of the qualitative study
on energy consumption cues in Part I. This iterative approach to study design
helped to provide novel insight into people’s perceptions of energy saving. A
set of the cues identified in the interviews were then quantified. A lack of prior
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research in the literature on how people judge energy savings, meant that it was
necessary to take a more exploratory approach to quantifying the identified en-
ergy savings cues. A new method of analysis in energy perceptions research, dual
scaling, was adopted and trialled in a set of three studies. The novel method en-
abled visual exploration of participants’ judgements of the relative effectiveness
of pairs of energy-saving measures.
1.2.3 Epistemological assumptions
The use of mixed methods in this research was pragmatic (R. B. Johnson et al.,
2007). The appropriate methods were chosen to address the research questions,
rather than to fit with a particular epistemological perspective. There are, how-
ever, specific epistemological assumptions underlying both the qualitative and
quantitative studies in the research reported in this thesis.
A critical realist perspective (Maxwell, 2012) was taken throughout the re-
search process. In particular, it was firmly assumed that people’s internal cog-
nitive processes can be measured with appropriate methods. A more construc-
tionist stance, often taken in qualitative research, would reject this idea because
internal cognitive processes are not observable so constructionists consider there
being no point trying. A realist perspective, on the other hand, takes the posi-
tion that it is possible for social scientists to theorise and indirectly measure un-
observable cognitive processes as it is possible for physical scientists to theorise
and indirectly measure unobservable phenomena such as quarks and black holes
(Maxwell, 2012). From this follows another realist assumption: there is an objec-
tive reality to measure. People live in an objective reality (e.g. in households that
consume energy in predictable, if complex, ways) and their internal cognitive
processes objectively exist, even though they can be difficult to measure. How
people perceive that reality, however, depends on their individual experiences.
Their knowledge of the world is constructed from their experiences and is “al-
ways partial, incomplete, and fallible” (Maxwell, 2012, p. 72) and varies between
individuals. Energy judgements often require knowledge that householders do
not have or that is just too complex to easily learn. Taking a critical realist stance
was most suitable for the research questions to be addressed and with the use of
both qualitative and quantitative study designs in this research.
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Table 1.1: A summary of the chapters in this thesis.
Part I: Energy Consumption
Perceptions
Part II: Energy Savings Perceptions
Literature &
theory
Chapter 2: Systematic literature
review and theoretical model
A systematic literature review of
heuristic energy perceptions
research, followed by a novel
categorisation-based theoretical
model of feature substitution to
describe the cognitive processes
underlying heuristic energy
judgements.
The heuristic energy perceptions
research in the literature has
explored the use of heuristics in
judgements of energy consumption
but not of energy savings. The
research in Part II provides a novel
exploration of heuristic energy
savings judgements.
Qualitative Chapter 3: Study 1 – Exploring
energy consumption perceptions
Chapter 6: Study 3 – Exploring
energy savings perceptions
Semi-structured interviews with
householders about how they
judge the energy consumption of
appliances.
Semi-structured interviews with
householders about how they
judge the energy savings of
energy-saving measures.
Quantitative Chapter 4: Study 2A – Quantifying
energy consumption cues
Chapter 7: Studies 4A, 4B, 4C –
Quantifying energy savings cues
Correlational study using the
heuristic elicitation design to
quantify and test for the use of the
energy consumption cues
identified in Study 1.
Three studies using a paired
comparisons design to quantify
and explore the use of the energy
savings cues identified in Study 3.
Methods Chapter 5: Study 2B – Correlation
methods in energy perceptions research
Chapter 7 (cont.)
A comparison of two study designs
and three correlational methods for
testing for the use of energy
consumption cues in judgements.
Introduces dual scaling analysis of
paired comparisons data for
exploring which cues people use in
energy savings judgements.
1.3 Thesis structure
The studies reported in this thesis are organised by research question. The stud-
ies that investigated how people infer the energy consumption of appliances are
reported first, in Part I, because they integrate more closely with, and extend,
the existing literature. These findings give context to the subsequent, more ex-
ploratory studies, in Part II, that investigated how people infer the effectiveness
of energy-saving measures. Table 1.1 provides a brief overview of the chapters to
aid navigation.
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1.4 Publications, posters, and conference presentations
The following publications and presentations were completed during the work
on this thesis.
Journal articles:
• Cowen, L., & Gatersleben, B. (2017). Testing for the size heuristic in house-
holders’ perceptions of energy consumption. Journal of Environmental Psy-
chology, 54, 103–115. doi: 10.1016/j.jenvp.2017.10.002 (based on the study
reported in Chapter 5; cited by the IPCC Special Report on Global Warming
of 1.5°C, Coninck & Revi, 2018)
• Murtagh, N., Gatersleben, B., Cowen, L., & Uzzell, D. (2015). Does per-
ception of automation undermine pro-environmental behaviour? Findings
from three everyday settings. Journal of Environmental Psychology, 42,
139–148. doi: 10.1016/j.jenvp.2015.04.002 (contributed to the design and
data collection; not part of this thesis)
Conference posters and presentations:
• Cowen, L., & Gatersleben, B. (2016). How do lay-people make sense of the
energy they use in their homes? In 3rd BrEPS conference: “Healthy and
Sustainable Places.” Guildford, UK: University of Surrey.
• Cowen, L., & Gatersleben, B. (2016). How do lay-people make sense of the
energy they use in their homes? In 24th IAPS conference - International As-
sociation People-Environment Studies. Lund, Sweden: University of Lund.
• Cowen, L. (2012). Perceptions of energy consumption. In UPGN Interdis-
ciplinary Doctoral Seminar on Climate Change 2012 - US Army Corps of
Engineers research laboratory. Duck, NC.
• Cowen, L., & Gatersleben, B. (2012). Intending to save energy? Or actually
saving energy? [poster]. In University of Surrey Psychology department
PhD conference.
• Cowen, L., & Gatersleben, B. (2011). Technology as a remedy for high en-
ergy use - investigating the rebound effect. In IAREP/SABE/ICABEEP
2011: Where Economics and Psychology meet. Exeter, UK: University of
Exeter.
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• Cowen, L., & Gatersleben, B. (2011). Investigating the effects of technologi-
cal remedies on high energy use [poster]. In Environment 2.0: The 9th bien-
nial conference on Environmental Psychology. Eindhoven, NL: Eindhoven
University of Technology. doi: 10.1086/521906.Jenkins
• Cowen, L., & Gatersleben, B. (2011). Can technology help us save energy?
[poster]. In University of Surrey Psychology department PhD conference.
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Part I
Householders’ Perceptions of Energy
Consumption
26
The research in this thesis is separated into parts. Part I explores how people
perceive energy consumption and what cues they use in heuristic judgements
of the energy consumption of appliances. Part II explores how people perceive
energy savings and the cues they use in heuristic judgements of energy savings.
Part III then draws together the findings and implications of Parts I and II.
In Part I, the existing energy perceptions research in the literature is system-
atically reviewed. A novel theoretical model of heuristic energy judgements is
constructed based on existing heuristic and categorisation theories. The research
in Part I extends the existing research into how people use heuristic cues to make
judgements about the energy consumption of their appliances. In Studies 1, 2A,
and 2B, mixed methods are used to identify several heuristic cues that people po-
tentially use through the process of feature substitution to infer the energy con-
sumption of appliances. In the course of the quantitative research, the methods
used are discussed and evaluated in the context of energy perceptions research.
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Chapter 2
Systematic Literature Review and
Theoretical Model
2.1 Perceptions of energy
People do not have accurate perceptions about how much energy is used by ap-
pliances or saved by energy-saving measures in their homes. Lesic, Bruine de
Bruin, Davis, Krishnamurti, and Azevedo (2018) reviewed 14 studies published
since 1979 that investigated people’s perceptions and awareness of energy. They
concluded that people systematically overestimate appliances that consume little
energy and underestimate appliances that consume a lot of energy. Attari, DeKay,
Davidson, and Bruine de Bruin (2010) and Baird and Brier (1981) found that while
participants could judge reasonably well the rank order of consumption and sav-
ings, they were not able to accurately judge the magnitude of difference in energy
consumption between appliances or energy-savings between measures. Gater-
sleben, Steg, and Vlek (2002) found that participants in their mailed survey had
accurate perceptions of some of their own energy end-uses (relative to other peo-
ple’s use), such as the car, computer, and holidays, but did not not have accurate
perceptions of other end uses, such as cooking, home heating, and the use of hot
water.
Lesic et al. (2018) also concluded from their review that people tend to pre-
fer curtailment measures (e.g. switching off appliances or using them differently)
rather than efficiency measures (e.g. replacing an appliance with a more efficient
one) despite efficiency measures generally being more effective, for less repeated
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effort, though often greater financial up-front cost (Gardner & Stern, 2008). How-
ever, the findings from the studies they reviewed can be interpreted in terms of
participants’ perceptions of the effectiveness of the measures, not just whether
they preferred to implement them. For example, Kempton, Harris, Keith, and
Weihl (1985) asked participants “What things do you know of that a family could
do to reduce the energy consumption in their home?” (not what they would do)
and participants frequently mentioned curtailment activities (e.g. switching off
lights, lowering the thermostat, watching less TV). When a subset of participants
were asked to estimate the savings from these activities, they tended to overesti-
mate the savings from curtailment activities and underestimate savings from ef-
ficiency activities. Similarly, Attari et al. (2010) asked participants to write down
“the most effective thing that you could do to conserve energy in your life” and,
again, most responses related to curtailment, not efficiency, measures. Becker,
Seligman, and Darley (1979) also found that people overestimated savings from
curtailment measures and underestimated savings from efficiency measures. So
although Lesic et al. (2018) discussed these perceptions in terms of preferences,
they could also be inaccurate perceptions of energy quantities, rather than just
preferences for some measures over other measures.
This apparent lack of accuracy in householders’ perceptions of energy con-
sumption and saving is a problem if it means that people’s attempts at saving
energy are ineffective. For example, if they underestimate the savings of effective
measures, they might consider potentially effective measures as not worth doing
(e.g. installing insulation); if they overestimate the savings of ineffective mea-
sures (e.g. switching off phone chargers at the wall), they will be disappointed
and disillusioned with trying to save energy (Kempton et al., 1985); if people just
cannot tell whether or not an energy-saving action has been effective, they could
be discouraged from making further efforts. It is also possible that inaccurate per-
ceptions of potential energy savings and energy consumption could underlie the
rebound effect (Sorrell, Dimitropoulos, & Sommerville, 2009); if someone feels
that they have saved more energy than they have and then “spend” some of that
saving on another activity whose consumption they underestimate, they would
end up consuming more energy rather than less. Very little of the energy percep-
tion research has explored how people make their judgements about how much
energy is consumed by different appliances or saved by various energy-saving
measures.
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2.2 Attempting to improve the accuracy of energy per-
ceptions with information
It is often assumed that inaccurate perceptions of energy consumption and saving
are due to people lacking accurate knowledge and that providing the missing in-
formation will correct misperceptions and help them to change their behaviours
and save more energy. Despite the popularity of this approach, there is signifi-
cant evidence that information alone leads to little or no energy savings (Burgess,
Harrison, & Filius, 1998; Delmas, Fischlein, & Asensio, 2013; Kollmuss & Agye-
man, 2002). In particular, while Delmas et al. (2013) found that across all studies
of informational strategies there was an average of 7.4% electricity saved, when
they considered only the well-designed studies (accounted for weather, demo-
graphics, and had a control group), electricity savings were only 2%. One reason
for the low effectiveness of information on energy savings might be that there
is limited understanding of people’s perceptions of energy (Buchanan, Russo, &
Anderson, 2015; Gabe-Thomas, Walker, Verplanken, & Shaddick, 2016; Simcock
et al., 2014). Moreover, the assumption that information provision would result in
more accurate mental models, and more accurate mental models would improve
judgements and decision making may be mistaken (Johnson-Laird, 1983).
People with more technically accurate mental models do not necessarily be-
have in the way an expert would expect them to. For example, Kempton (1986)
interviewed householders about their perceptions of how central heating ther-
mostats work. He showed that the technically inaccurate mental model held by
a large proportion of US householders would be more effective in saving energy
than the mental model that heating experts would consider correct. This is be-
cause the more accurate mental model would lead to efficient behaviour only if
the householder understood the model perfectly and made the same logical in-
ferences from it that a heating expert would. Most people are not heating experts
and tended to make different inferences from their mental models that would not
necessarily save energy. The simpler model, though technically inaccurate, was
estimated to lead to behaviours that would consume less energy than the more
accurate model.
More information is not necessarily the route to better judgements. Greater
expertise in making judgements is associated with choosing better strategies to
make the judgements than non-experts (Gigerenzer & Gaissmaier, 2011; Payne,
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Bettman, & Johnson, 1993). While experts might be able to make more complex,
seemingly “rational” judgements when given more information, that might be
just because they are able to organise the information better and access it more
efficiently (e.g. see Barsalou, 1991). It is important that people are able to turn that
information into knowledge (Simcock et al., 2014), otherwise additional informa-
tion is not helpful. Householders vary in the amount of knowledge they have
already and they have perceptions and expectations about energy consumption
and saving, however vague and inconsistent they might be. Also, the perceptions
that laypeople have might be different from what experts expect. For example,
Revell and Stanton (2014) showed that householders might hold a range of men-
tal models of central heating systems that varied in the technical accuracy. Some
of these models, as Kempton et al. (1985) found, might be perfectly functional (de-
spite inaccuracies) and achieve the householders’ goals, including energy saving
when relevant. Other models might be less useful. The same principle applies
to how people make energy judgements: their strategies need to be functional
whether or not they are technically accurate (Norman, 1983). It is important,
therefore, to obtain a good understanding of people’s mental models, percep-
tions, and the strategies they use to make judgements about energy consumption
and savings in their homes. With such an understanding, policies, interventions,
and technologies can be designed to be more effective for the people trying to
save energy in their homes.
2.3 Saving effort with heuristics
People often use heuristics (simple rules-of-thumb or shortcuts in thinking) to
help simplify difficult judgements that they need to make in their everyday lives.
It is reasonable to assume that they do this when judging energy consumption
and energy saving too. Mains-supplied electricity and gas are largely invisible
to end-users (Burgess & Nye, 2008; Kidd & Williams, 2008) and cannot be di-
rectly seen, touched, or heard. Unlike judging the amount of wood burnt from a
woodpile in a week, which would be highly visible, householders must judge the
amount of gas and electricity that they have used for multiple purposes through-
out the week. Householders can typically only infer indirectly how much is con-
sumed by their individual appliances. It is plausible that they might base their
inferences on physical or other features of the appliance itself that they perceive
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to be correlated with energy consumption (as described by Read & Grushka-
Cockayne, 2011). The relationship between these features (e.g. the size of the
appliance) and the energy consumption of an appliance are learnt from past ex-
perience or from other people, or just applied from perceptions of the world in
general (e.g. that larger things tend to contain more stuff or require more effort
to move). Inferring energy consumption (and energy savings) indirectly like this
enables people to make judgements that they would otherwise be unable to at-
tempt, or not without considerable effort to acquire more knowledge.
Traditionally, it has been assumed that people use, or try to use, “rational” ap-
proaches to making judgements (Oppenheimer & Kelso, 2015; Payne et al., 1993;
Shah & Oppenheimer, 2008; Vlaev, Chater, Stewart, & Brown, 2011). Accord-
ing to this approach, when people make judgements about how much energy
an appliance consumes, they recall from memory (or research externally) all the
information that is relevant to the judgement. They then weigh up the relative im-
portance of each piece of information and consider all the weighted information
in making the judgement (Payne et al., 1993; Shah & Oppenheimer, 2008). For ex-
ample, a kettle might have multiple features (or attributes): it draws 3000 Watts
of power when switched on, it is small, it is used five times a day, it is switched
on for only three minutes at a time. The person might consider the size of the ap-
pliance to be relatively unimportant to its energy consumption and weight that
lower than the other features. They might then try to balance the power draw
against the number of hours that the appliance has used over the last 30 days
in order to come to an estimation of the number of kilowatt hours consumed by
the appliance. Doing the same calculation for the washing machine would then
reveal which of the two appliances consumes the most energy. Of course, many
more factors could be relevant than included in this relatively simplistic exam-
ple, such as the amount of water heated by each appliance, which settings are
selected for the washing machine cycles, and so on. Such an approach to making
judgements is time-consuming and can require large cognitive effort, so it is just
not feasible for every single judgement that a person makes in their daily life.
People use heuristics to reduce the amount of effort a judgement would take
if they were to use a more complex approach (Gigerenzer & Gaissmaier, 2011;
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Shah & Oppenheimer, 2008). Heuristics are shortcuts that involve using rules-
of-thumb about what information is relevant and relied upon in making a judge-
ment. The heuristic process of feature substitution (also known as attribute substi-
tution) works in this way (Kahneman & Frederick, 2002; Shah & Oppenheimer,
2008): “when confronted with a difficult question people often answer an eas-
ier one instead, usually without being aware of the substitution” (Kahneman and
Frederick, 2002, p. 53). When searching their memory for information from which
they can recall or deduce the energy consumption of the appliance (information
that they might not even have), they more easily retrieve related information
about features of the appliance (e.g. its size) and use that information instead.
According to Kahneman and Frederick (2002), this kind of substitution is used
when it is difficult or impossible to know the value of the target feature (e.g.
energy consumption), an associated piece of information from a heuristic cue is
easier to access (from memory or from the external environment, such as the ap-
pliance itself), and the person does not override the use of the easier cue in favour
of spending more time and cognitive resources searching for and weighing up
other information.
Heuristic processing is used to save effort unless the person deems it nec-
essary to be more careful in weighing up all the information before making a
judgement. Kahneman and Frederick (2002) argued that heuristic processing oc-
curs quickly, intuitively, and automatically but that it could be overridden by
more slow, systematic, and deliberate thinking if necessary (see also Evans, 2014;
Evans & Stanovich, 2013; Kahneman, 2011). Some researchers argue that people
do not have two types of thinking and that people use heuristics because they
are just the most efficient way to make a judgement that is as good as, or some-
times better than, using a more complex approach (Gigerenzer & Gaissmaier,
2011). Gigerenzer and Gaissmaier (2011) agree with other researchers, however,
that heuristics can be used consciously or unconsciously and that people’s use of
heuristics varies according to various factors: the judgement itself (e.g. how it is
presented and the context it is in), the abilities and available time of the person
making the judgement (e.g. cognitive ability, prior knowledge and experience,
and time pressures), and the social context of the judgement (e.g. the perceived
importance of accuracy for the judgement) (Gigerenzer & Gaissmaier, 2011; Lee
& Cummins, 2004; Newell, 2005; Pachur & Bröder, 2013; Payne et al., 1993).
Only a limited amount of research has investigated how people make energy
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judgements instead of just assessing the accuracy of their judgements. The re-
search in this thesis explores what cues (features of energy-consuming appliances
or energy-saving measures) people might use in feature substitution processes to
infer energy consumption and savings. The next section reviews the small num-
ber of studies in the literature over the past 35 years that have investigated the
cues that people might use to infer the energy consumption of appliances. No
previous research has investigated the use of heuristic cues in energy savings
judgements so the following systematic literature review focuses only on studies
that have investigated the use of cues in energy consumption judgements. Part II
of this thesis explores the use of cues in energy savings judgements.
2.4 A systematic literature review of research on heuris-
tic energy consumption cues
A small number of studies have found evidence to suggest that people use cues
based on the features of the appliances themselves to help them infer how much
energy is consumed by individual appliances in their households. A systematic
literature review in this section summarises the findings of the studies and crit-
ically assesses the theoretical frameworks used in the studies in order to inform
the theoretical model of energy judgements later in this chapter.
The seven sets of studies included in this systematic literature review are sum-
marised in Table 2.1. As can be seen in the table, the studies are from a range of
publication types from the past 37 years: peer-reviewed journal articles, a con-
ference paper, a book chapter, and a recent PhD thesis. The method of searching
for these papers over the past eight years was a combination of word-of-mouth,
repeated online searches on Google Scholar and in databases such as EBSCO (for
terms such as “energy perceptions”, “energy quantity”, “household energy use”),
citations in other papers, and journal pre-publication email notifications. The
starting point, the Baird and Brier (1981) paper, was obtained through word-
of-mouth. Searching online produced the conference paper by Chisik (2011).
Darby (2006) cited an article by Kempton and Layne (1994) which cited Kempton
and Montgomery (1982)1. Pre-publication emails from journals provided notifi-
cations of the Schley and DeKay (2015) and Gabe-Thomas et al. (2016) papers.
1Thank you to Prof. Willett Kempton for posting copies of both articles to me.
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Word-of-mouth provided the PhD thesis by van den Broek (2016)2, who cited the
Schuitema and Steg (2005)3 paper. In addition, a very recent, related systematic
literature review by Lesic et al. (2018) provided a useful and timely verification
of many of the papers in this area of the literature.
The existing research in the heuristic energy perceptions literature has inves-
tigated only perceptions of energy consumption and not perceptions of energy
savings. The rest of this chapter (and Part I of this thesis), therefore, discusses
only energy consumption perceptions and cues. Part II of this thesis returns to
the exploration of energy savings perceptions and cues.
The studies in the present review used a range of methodological approaches
and focused on revealing some of the features (such as size, duration of use,
visibility) of energy-consuming appliances (the easier question) that household-
ers might substitute when judging their energy consumption (the difficult ques-
tion) (Baird & Brier, 1981; Chisik, 2011; Kempton & Montgomery, 1982; Schley &
DeKay, 2015; Schuitema & Steg, 2005; van den Broek, 2016). The most reported
feature, in both qualitative and quantitative studies, is size (Baird & Brier, 1981;
Chisik, 2011; Schuitema & Steg, 2005; van den Broek, 2016). That is, when people
are judging the amount of energy consumed by an appliance, they appear to ac-
tually be judging the size of the appliance: they perceive large appliances to con-
sume large amounts of energy and small appliances to consume small amounts.
Several cues that can be used in the process of feature substitution to make the
task of judging energy consumption easier have been identified in a variety of
qualitative and quantitative studies. Table 2.1 lists the cues that have been found
each of the studies.
2Thank you to Dr Karlijn van den Broek for sending me a copy soon after completion.
3Thank you to Prof. Linda Steg for providing a copy of the chapter.
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Table 2.1: Previous studies identifying cues used in judgements of the energy consumption of household appliances.
Authors Year Cues Study design Analysis methods Publication
Baird and Brier 1981 Function Card sort of appliances by
similarity then by energy
consumption
Cluster analysis Journal article
Size Rank order task or
magnitude estimation
task of energy
consumption and size of
appliances
Cluster analysis;
correlation
Kempton and
Montgomery
1982 Time switched on Ethnographic interviews
about energy
Qualitative Journal article
Prototypical status in
category
Visibility
Human labour
replaceda
Schuitema and
Stegb
2005 Size Magnitude estimation
task of energy
consumption and size of
appliances
Correlation; individual
regressions
Book chapter
Chisik 2011 Size Interviews with drawing
tasks about electricity and
electricity consumption
Qualitative Conference
paper
Frequency of use
Duration of use
Continued on next page
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Table 2.1 – Continued from previous page
Authors Year Cues Study design Analysis methods Publication
Schley and
DeKay
2015 Cognitive accessibility Estimating percentages of
energy consumed by
end-use categories
(nationally or personally)
and Likert-style ratings of
interaction with and
thinking about appliances
in those categories.
Multilevel regression Journal article
Gabe-Thomas,
Walker,
Verplanken, and
Shaddick
2016 Location of use Card sort of appliances by
similarity
Cluster analysis Journal article
Activities/function
van den Broekc 2016 Time switched ond Focus groups with rank
order task of appliances
by energy consumption
Thematic analysis PhD thesis
Category of device
Heat
a Tentative suggestion by the authors based on limited evidence.
b Schuitema and Steg (2005) also found a positive correlation between the visibility of a device and its perceived energy consumption (r =
.38) but the average variance of visibility was only 3.5%, which they concluded was down to wide individual differences and that the high
correlation was probably down to chance. They found no correlation with energy consumption and noise emitted by the device (r = .05),
possession of the device (r = -.18), or necessity of the device (r = -.04).
c Only the top three (of 28) cues observed by the researcher are listed here.
d Reversed relationship from other studies: the greater the use the less energy perceived to be used.
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2.4.1 Size as a cue to inferring energy consumption
Baird and Brier (1981) and Schuitema and Steg (2005) both found that the per-
ceived sizes of appliances were strongly related to participants’ perceptions of
the energy consumption of the appliances. Baird and Brier (1981, Exp. 1) asked
participants (n = 48) to sort a set of 61 items written on index cards. The cards in-
cluded a huge range of energy-consuming household appliances and devices as
well as forms of transport. When asked to sort by similarity, participants tended
to sort the items according to their function; when asked to then sort the cards
by energy consumption, participants still sorted the items according to function
but sub-divided the functional groups by size (e.g. large appliances with similar
functions were grouped together). Based on this finding that size appeared to
be relevant to participants’ perceptions of energy consumption, Baird and Brier
(1981, Exp. 2) then selected a subset of 19 household appliances (they considered
household appliances that have similar functions relative to other items such as
forms of transport) and asked a subset of the original participants (n = 24) to rank
them by energy consumption and by size (counterbalanced). They asked another
group of the original participants (n = 20) to estimate the energy consumption
and size of the same appliances on a ratio scale relative to one of the appliances,
which was specified as a reference point. They found very high correlations be-
tween average estimates of energy consumption and size (Baird & Brier, 1981,
Exp. 2: rs = .91, Exp. 3: rs = .93) which they interpreted as showing that people’s
perceptions of the size of the appliances is relevant to their perceptions of energy
consumption. Schuitema and Steg (2005) conducted a similar study asking par-
ticipants (n = 60) to make ratio estimates relative to a reference point. They found
relatively strong correlations (Schuitema & Steg, 2005, r = .67) between estimates
of energy consumption and size and concluded that size was a potential heuristic
cue in judgements of energy consumption.
As correlational studies, neither study could directly infer causality but both
observed that participants overestimated the energy consumption of some large
appliances that actually consumed relatively little energy, like the colour TV and
stereo (Baird & Brier, 1981, Exp. 2 & 3) or the spin-dryer and electric underfloor
bathroom heating (Schuitema & Steg, 2005). They also underestimated the energy
consumption of some small appliances that actually consumed relatively large
amounts of energy, like the electric carving knife, hair dryer, and toaster (Baird &
Brier, 1981, Exp. 2 & 3) or the coffee maker, VCR, and satellite receiver (Schuitema
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& Steg, 2005). The participants appeared to be substituting the question about
energy consumption with a question about size, which would normally work but
failed for appliances that did not follow that pattern. Schuitema and Steg (2005)
also conducted stepwise regression analyses for each participant and found that
participants’ size estimates were the best predictor for most participants’ energy
consumption estimates with an average variance of 46.7% (see Section 2.4.2 for
other cues investigated in their study).
The findings of a published cluster analysis study that aimed to partially-
replicate Baird and Brier (1981, Exp. 1) showed that householders do not neces-
sarily spontaneously categorise appliances according to their sizes. Gabe-Thomas
et al. (2016) conducted a card sort study similar to Baird and Brier (1981, Exp.
1) but concluded from their cluster analyses that there was little evidence that
their participants (n = 57) naturally thought about appliances according to their
size or energy consumption. However, although they did mention up-front to
participants that the items all consumed energy, they did not ask participants to
sort the cards according to energy consumption. As participants were not try-
ing to complete a goal related to energy consumption, it seems reasonable that
they would not necessarily think about the appliances in terms of their energy
consumption or any other grouping that they might relate to energy consump-
tion. As in Baird and Brier (1981, Exp. 1), participants appeared to group the
appliances by function or possibly location. It is possible, therefore, that think-
ing about the size when considering the similarity and differences of appliances
is context-dependent and, in the context of attempting to judge the energy con-
sumption of appliances, the size of them might seem a more useful cue to base
their judgements on. Also, as Gabe-Thomas et al. (2016) noted, their set of appli-
ances did not vary as much in size as the appliances in Baird and Brier (1981, Exp.
1) and so sizes might not have been perceived as distinguishing features between
appliances.
Two qualitative studies have also demonstrated some evidence that people
might use the size of appliances to help them make judgements about energy
consumption. Chisik (2011) reported the preliminary analysis of exploratory in-
terviews about perceptions of electricity. Participants (n = 454) were asked to
draw the highest-electricity-consuming devices in the home. Chisik (2011)’s ini-
tial conclusions included the observation that the size of the device, along with
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the frequency and duration of use, were perceived as proxies for the energy con-
sumption of the device. Van den Broek (2016) conducted focus group discussions
in which participants (n = 26 but she notes that some of the focus groups were re-
moved from the analysis so it is not clear how many participants or groups were
included) were asked to collaboratively rank a set of 23 appliances by energy con-
sumption. She observed that size was used as a cue but was only the 11th most
often observed cue relative to other cues (e.g. heat, function, time switched on).
When she asked participants to report which cues they used, however, size was
mentioned most often. It is possible that people are not entirely aware of the cues
that they use, or only certain cues are easy to verbalise.
2.4.2 Other cues to inferring energy consumption
As well as size, these and other studies have also investigated and identified a
range of other potential heuristic cues, such as the visibility of the appliance and
the amount of human labour it replaces. Kempton and Montgomery (1982) con-
ducted ethnographic interviews with Michigan families (n = 10 families) about
energy. They concluded that participants’ emphases on lighting as a high con-
sumer of energy was due either to its high visibility within the household or that
lighting was perceived as the most representative use of electricity. Schuitema
and Steg (2005) also found a positive correlation between visibility of the appli-
ances and participants’ estimates of energy consumption (r = .38) but in their
individual regression analyses, the average variance was only 3.5% so they con-
cluded that there was not enough support for visibility being used as a cue in
energy consumption judgements. Kempton and Montgomery (1982) also tenta-
tively suggested that people might infer energy consumption from the amount
of human labour replaced by an appliance. They based this suggestion on lim-
ited observations that people tended to mention appliances such as mixers and
dishwashers.
The amount that the appliance is used appeared to be used as a cue in several
studies. Chisik (2011) concluded from his qualitative study that the frequency
and duration of use of appliances was used as a proxy for energy consumption.
Kempton and Montgomery (1982) and van den Broek (2016) both reported that
the amount of time the device was switched on appeared to be used as indica-
tors of energy consumption, although in van den Broek (2016)’s study (probably
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because of the unit of time used), a greater amount of time was perceived to in-
dicate lower energy consumption, the opposite of all the other studies, which
reported that the usage of the appliance was positively related to perceived en-
ergy consumption. Schley and DeKay (2015) found a moderate correlation be-
tween “cognitive accessibility” and estimates of energy consumption. Schley and
DeKay (2015) conducted four studies in which participants (n = 93, 271, 121, 125)
were asked to estimate the proportion of total energy consumed by end-use cat-
egories (e.g. “Clothes washing, drying” and “Water heating”) and to report on a
Likert-like scales how often they interacted with and thought about devices (the
average of these two scales was considered the cognitive accessibility score) in
each of the categories. The researchers concluded that cognitive accessibility was
partially responsible for householders’ judgements of energy consumption.
The studies varied in how many cues they identified or tested. Baird and Brier
(1981) observed the use of function and size, but then tested only size. Schley
and DeKay (2015) tested only cognitive accessibility. Kempton and Montgomery
(1982) observed a small number, with varying amounts of supporting evidence.
Van den Broek (2016) reported observing 28 different potential heuristic cues and
her focus group participants reported 14. The three most often observed were the
time switched on (as mentioned above), the category of device (devices associ-
ated with each other were perceived to be similar in energy consumption), and
devices that increased the temperature of water or air were perceived to consume
more energy. As previously mentioned, her focus group participants most often
reported using size, perceived energy intensity, then heat; for the full list of 28
cues she observed and the focus group participants reported, see van den Broek
(2016, Chapter 6). Finally, Schuitema and Steg (2005) tested six potential cues; in
addition to size and visibility, they found no relationship with energy consump-
tion, the amount of noise emitted by the device (r = .05), the possession of the
device (r = -.18), or the perceived necessity of the device (r = -.04).
These previous studies vary greatly in the methods used and, aside from the
size of appliances, vary quite a lot in the cues found as well. All of the study au-
thors, however, explicitly suggested or implied that the cues are used by people
when making judgements of energy consumption because energy judgements are
difficult. Estimating energy consumption is difficult; estimating the size or dura-
tion of usage of an appliance feels easier and so the answer to the easier question
(“how big is the appliance?”) is substituted for the real, more difficult question
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(“how much energy does the appliance consume?”).
2.5 Gaps in the feature substitution explanation of
energy perceptions
The process of feature substitution is not very precisely defined, making it diffi-
cult to apply to explaining energy judgements. Part of the difficulty comes be-
cause much of the heuristics and biases programme (e.g. Tversky & Kahneman,
1982) of research has mostly focused on explaining judgements of probability
rather than judgements of quantity. However, some of the difficulty comes be-
cause of inconsistencies in how the feature that is substituted is defined by Kah-
neman and Frederick (2002). The substitutions they give as examples vary in
levels of detail. For example, the number of dates a person had in the last month
is said to be substituted for general happiness (see Strack, Martin, & Schwarz,
1988). The number of dates is quite concrete as a feature to substitute. But an-
other example given by Kahneman and Frederick (2002) is that the similarity of
a fictional character, Linda, to certain stereotypes is substituted for the likelihood
that Linda does a particular job role (see Tversky & Kahneman, 1982).
The Linda example relies on the idea of representativeness, the similarity of
Linda to a stereotype of a job role, but it does not explain how Linda was judged
to be representative of each stereotype in the first place. Applying the concept of
representativeness in feature substitution in energy judgements, it would be pos-
sible (and plausible) to say that the washing machine is perceived to be more rep-
resentative of high-energy-consuming appliances than the kettle and, therefore, is
considered to consume the most energy. But that does not really describe why the
washing machine is considered more representative of high-energy-consuming
appliances than the kettle: what features of the two appliances were considered
and compared in coming to that conclusion? To be able to apply feature substi-
tution to estimating energy consumption is to go through a process of analogy.
To make the analogy effectively, it needs to be clear what the key components of
the theory are, how they relate to one another, and how those components and
relationships map to the new domain (Gentner, 1989). Specifically, it needs to be
clear what the definition is of a feature that can be said to be substituted.
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The concept of representativeness was based on the ideas of categorisation
theories (Tversky & Kahneman, 1982) so categorisation theories could be use-
ful to understanding the underlying processes of how an appliance would be
judged representative of a high-energy-consuming appliance (i.e. belong to the
conceptual category of high-energy-consuming appliances). The energy percep-
tion studies reviewed and listed in Table 2.1 all explicitly or implicitly assumed
feature substitution processes. Many of the papers reporting those studies also
mentioned categorisation theories. Schuitema and Steg (2005), van den Broek
(2016), and Kempton and Montgomery (1982) all described their findings in terms
of categorisation and Baird and Brier (1981) implied that they assumed underly-
ing categorisation processes by their use of the card sort method in their first
study (Baird & Brier, 1981, Exp. 1). Just one of the studies, by Schley and DeKay
(2015), did not use a categorisation framework. Schley and DeKay (2015) claimed
that the accessibility of appliances in memory (based on the frequency of inter-
action and thinking about them) is used as a cue to their energy consumption.
While this is possible, their measure of accessibility was based partly on measures
of self-reported usage of the appliance as well as thinking about the appliance.
Like the other studies, Schley and DeKay (2015)’s findings could be explained in
terms of people categorising appliances by usage. The following sections explore
briefly how categorisation processes could work with feature substitution to save
effort in judgements of energy consumption.
2.6 A categorisation-based model of heuristic energy
judgements
People make sense of the world by constructing categories in memory to organ-
ise the knowledge they acquire in their daily lives. They can then easily find and
retrieve this knowledge when required. Organising knowledge in this way is effi-
cient because it means that people can treat things that they consider to be similar
in the same way, which saves effort in knowing how to respond (Mervis & Rosch,
1981). When retrieving knowledge from categories, only relevant knowledge is
processed according to the current goal so the whole category is not processed
every time it is accessed (Barsalou, 1982). Some concepts are based on com-
mon, established categories, which are learnt from experience, such as chairs,
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birds, and colours; other concepts are based on categories that are constructed
ad hoc, purely for the purpose of achieving some goal or solving a problem,
such as identifying a category of things to do as a tourist in Rome (Barsalou, 1983,
2010; Chrysikou, 2006). If these goal-derived categories are repeatedly accessed
in memory, they too eventually become established categories (Barsalou, 2010).
2.6.1 Inferring information from categories
People only try to access (or create) a category of high-energy-using appliances
when they are in a situation in which they need to consider which appliances
consume a lot of energy. For example, a high energy bill might prompt them to
wonder whether the kettle or the washing-machine uses the most energy. As part
of that overall, goal-driven concept, they start to consider what they know about
each appliance by retrieving information from their everyday categories in mem-
ory of kettles and washing machines. While most people probably do not know
how much energy kettles and washing machines use, they usually have other
knowledge associated with the categories. For example, in the UK, a typical ket-
tle is mains electricity-powered, jug-shaped, plastic, has a handle and a switch,
is usually found in the kitchen, makes a noise when the water starts to boil, sits
on a baseplate that is plugged into the electricity socket, has a heating element
but no moving parts, heats up water contained in the jug, is used often but not
for very long, and so on. Not every kettle in the UK is exactly like this, and some
kettles might be quite different; for example, they might be heated on the hob
instead of being plugged into an electricity socket; they might be made of metal;
they might be a different shape. Most kettles usually bear enough resemblance to
the prototypical kettle that they are easily recognisable as kettles.
None of these features associated with the kettle can inform the person di-
rectly about how much energy it consumes but the person can attempt to infer
what they do not know about the kettle from the knowledge they do have. Fea-
tures of categories are often perceived to be correlated with each other so a person
can infer, from features they already know, features of the category that they have
not directly experienced or been told. For example, a person can usually infer that
something with feathers also has wings but probably does not have fur (Rosch,
1978). People can make inferences about how much energy an appliance uses
from other things they know about the appliance. For example, an appliance that
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is large is often also heavy (e.g. a washing machine); an appliance that functions
to heat water usually has space inside to hold the water. People also reason and
make predictions about features (Medin, 1989). For example, an appliance that
is large and heats water probably holds, and has to heat, more water than an ap-
pliance that is small and heats water (e.g. a kettle). Experience of using a kettle
could lead people to reason that the more water there is to heat, the longer it takes
to heat up. The longer a kettle takes to heat the water, the longer it is drawing
electricity (or burning gas).
2.6.2 Categorising appliances according to features
To determine whether a given appliance is large or small, produces a lot or a lit-
tle heat, is used a lot or a little, and so on, the person quickly categorises it for
each of those features. For example, they retrieve, or construct, a category of large
appliances and compare the given appliance to what they consider to be a typical
large appliance. The degree to which the appliance matches this mental repre-
sentation of a large appliance effectively places the appliance on a scale relative
to other appliances (e.g. a washing-machine is probably quite or very typical of
the category whereas a kettle is probably not typical at all). To infer the energy
consumption of the appliance from its size, they map the position of the appli-
ance on the scale of typicality for the large appliances category to a similar scale
of typicality for a high-energy-using appliances category. An appliance that is very
typical of the large appliances category is therefore considered also very typical of
the high-energy-using appliances category. That is, large appliances are considered
to consume a lot of energy while small appliances are considered to consume very
little energy—if the judgement is made solely on the size of the appliance. This
corresponds to the act of “cross-domain mapping” that Kahneman and Frederick
(2002) described as part of the process of feature substitution.
It is possible to measure whether or not a person is mapping one feature to
another by using the traditional psychophysics method of “direct scaling” (Sow-
den, 2012; Stevens, 1975). People’s perceptions of the size of a set of appliances
(how typical they consider each appliance to be of the category of large appliances)
can be measured by asking them to estimate or rank the size of the appliances.
People’s categorisation of the energy consumption of the same appliances (how
typical they consider each appliance to be of the category of high-energy-using
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appliances) is measured in the same way. The two sets of estimates are then cor-
related. A high positive correlation indicates that people are mapping one set
of estimates for the appliances to the other (i.e. substituting one feature for the
other). As people tend not to know the energy consumption of appliances but
do know (can see or recall from memory) the size of them, whether they heat
water or not, whether they use them a lot, the assumption is made that people
are actually estimating the better-known features and inferring energy consump-
tion from them (Kahneman & Frederick, 2002). Barsalou (1985, 1991) discussed
using a very similar approach to assess what determined people’s judgements of
how typical an object was of a category. This similarity of methods in categori-
sation research and feature substitution gives some support to explaining feature
substitution in terms of categorisation theories.
2.6.3 Selecting features to categorise appliances
How people select the features with which to categorise an appliance depends
on the heuristic strategies used. According to “rational” models of cue selection
(see Lee & Cummins, 2004; Payne et al., 1993; Shah & Oppenheimer, 2008), peo-
ple would categorise an appliance for every potentially relevant feature and then,
weighting the importance of each feature in estimating the energy consumption
of the appliance, make a judgement. Alternatively, according to an “elimina-
tion” model of cue selection (e.g. Berretty, Todd, & Martignon, 1999; Gigerenzer
& Goldstein, 1999; Tversky, 1972), people would categorise the appliance accord-
ing to as few features as possible, even just one. According to the Categorization
By Elimination (CBE) model of cue selection, features are ordered according to
their cue validity, how effective they have been in the past at categorising items
(Berretty et al., 1999). For example, categorising appliances by size is probably
more effective (and more informative) than categorising them by colour. If there
is no previous experience to draw upon, the cues are chosen at random. The
Elimination by Aspects model (Tversky, 1972) and other models take a similar ap-
proach, mainly varying on the exact criteria of which order the cues are selected.
Barsalou (1982) argued that the features on which items are categorised depends
on relevance to the current goal. Kahneman and Frederick (2002) describe a re-
lated process by which the most easy-to-access cue is selected. They claimed
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that accessibility is high for certain cues that are always accessible because peo-
ple cannot help but perceive them (e.g. size, distance, similarity), and that other
cues become accessible through being recently retrieved or primed. Lawrence,
Thomas, and Dougherty (2018) showed that cue validity, frequency of use, and
ease-of-access are all probably influential in how cues are used. Ultimately, all
the models describe a process that can be applied to energy judgements. The ap-
pliances are categorised by the first feature (e.g. size) and if that provides enough
distinction between them, the judgement is based on that first feature (e.g. size is
substituted for energy consumption). If that is not sufficient, another feature (e.g.
amount of noise) is considered. It would be inefficient for people to routinely cat-
egorise appliances according to every feature to make every judgement in their
daily lives. It is plausible that they would save effort by considering only a small
number of features and infer energy consumption from those cues.
Whether or not people base their energy judgements on just one cue (e.g.
Berretty et al., 1999; Tversky, 1972) or on many cues that are weighted in some
way, is not clear. Of the energy perception studies reviewed earlier in this chap-
ter, only Schuitema and Steg (2005) and van den Broek (2016) considered how
features were selected and both assumed the CBE model of selection (Berretty
et al., 1999). Schuitema and Steg (2005) found that of the six potential heuristic
cues that they tested, participants appeared to use only one (the size of the appli-
ance) and concluded that participants probably were using an approach like the
CBE model and using as few cues as possible to make their judgements. Van den
Broek (2016) made the point, however, that people probably perceive far more
cues from features of appliances than were tested by Schuitema and Steg (2005)
and they could have been making their judgements based on multiple other cues
as well as size. Van den Broek (2016) explored this possibility and observed a
large number of potential cues being used across participants. Her participants
reported using an average of three cues per decision but she considered this to be
quite effortful and was doubtful in her conclusions that they used more than one
per decision in practice.
Other studies have, however, hinted at the use of multiple cues in energy
judgements. Baird and Brier (1981, Exp. 1) found that participants sorted cards
first by function and then by size when asked to sort by energy consumption, sug-
gesting that they were using two cues. Baird and Brier (1981, Exp. 2 & 3) then con-
cluded that despite the very high positive correlations obtained in their studies,
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the lack of a perfect correlation indicated that there was some other cue involved
in judgements as well as size, though they could not identify what it was. Sch-
ley and DeKay (2015) concluded that cognitive accessibility was only “partially
responsible” for participants’ estimates of energy consumption (the correlations
between cognitive accessibility and energy consumption varied from moderate
to low across their four studies: r = .29, .33, .10, .21). Such findings imply that
participants were considering other cues as well in making their judgements, not
just relying strictly on the one cue that was being tested. It is plausible that people
might consider more than one cue in their judgements, whilst still not considering
every cue.
According to the evidence accumulation model, people differ (as individuals
and in different situations) in the amount of information they require to make a
judgement or decision (Lee & Cummins, 2004; Newell, 2005). In an important
decision where there is no obvious answer, they might spend longer searching
for additional cues to accumulate evidence before deciding. When there is an ob-
vious answer or the decision does not seem important, they might spend much
less time and effort searching for additional cues and just base their decision on
a single cue. Lee and Cummins (2004) also showed large individual differences
between people in whether they used and weighted all the cues or used a min-
imal number of cues in judgements in the same situation. People with greater
cognitive ability or expertise might search for, and be able to retrieve, more cues
to inform their decisions than people with less ability or expertise. The large
number of cues reported by van den Broek (2016) suggested some variation be-
tween participants in the cues they used. It might be that her participants were
correctly reporting that they used more than one cue in their energy consumption
judgements. Schuitema and Steg (2005) found that a very small number of partic-
ipants’ energy consumption estimates were predicted best by their perceptions of
visibility, and estimates of some other participants were also predicted by visibil-
ity, though less strongly. This suggests that there might have been a tendency of a
subset of participants to use visibility as a cue, even if the sample as a whole did
not. It is likely that the amount of effort invested in a judgement depends on the
cognitive abilities of the person making the judgement, time and other competing
pressures on the person, and the importance (or unimportance) of the judgement
itself (Payne et al., 1993).
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2.7 Summary
According to the categorisation-based model of feature substitution, when people
infer the energy consumption of an appliance from a feature such as its size, they
categorise the appliance in terms of how typical it is of a large appliance. The
degree of typicality in the large appliance category is mapped to a similar degree
of typicality in the high-energy-consuming appliances category. That mapping of
categories is the process of feature substitution and it provides the person with an
answer to the difficult question about how much energy the appliance consumes.
This categorisation-based model of energy judgements is provided to give
context to the research reported in the rest of this thesis (though testing the model
is beyond the scope of the thesis). It attempts to fill the gaps in the theory of fea-
ture substitution by describing the psychological processes underlying energy
judgements. The model corresponds with the concept of representativeness dis-
cussed as part of feature substitution by Kahneman and Frederick (2002), the
categorisation-based models described by Schuitema and Steg (2005) and van den
Broek (2016), and the categorisation theories assumed in other studies of energy
judgements (Baird & Brier, 1981; Kempton & Montgomery, 1982). By using cat-
egorisations, people can retrieve knowledge they already have about appliances
and infer information that they do not already have.
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Chapter 3
Exploring Perceptions of Energy
Consumption (Study 1)
3.1 Introduction
Judging the amount of energy consumed by individual household appliances is
difficult so householders try to simplify the judgement by using heuristics. In
heuristic judgements, instead of weighing up all the relevant information before
making a judgement, the person instead ignores most of the information and
makes their judgement based on only a small number of pieces of information, or
cues. A small amount of research in the energy perceptions literature has shown
that people might use cues based on features of the appliance and its usage by
the household to infer how much energy the appliance consumes. The most com-
monly investigated cue so far is the size of the appliance, though other cues have
also been identified using a range of quantitative and qualitative methods. Each
study has identified only a very small number of cues and often different cues
from other studies. The study in this chapter takes a qualitative approach to un-
derstanding householders’ perceptions of energy consumption and to identify
the cues they use and how they use them.
3.1.1 Judging energy consumption with feature substitution
As argued in Chapter 2, providing householders with more information about
their energy consumption does not help them to make judgements about their
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energy consumption because they cannot organise and make use of so much in-
formation in their judgements. If a householder were to take a “rational” ap-
proach (Payne et al., 1993; Shah & Oppenheimer, 2008) when comparing the rela-
tive amounts of energy consumed by a washing-machine and a kettle, for exam-
ple, they must consider and weight a number of factors:
1. Select a time-frame (a starting point and an end point) during which the
energy consumed is to be estimated. Ensure that the time-frame is relevant
to both appliances. For example, 24 hours might be fine for a kettle that is
boiled three times each day but not relevant to a washing machine that is
run only once a week.
2. Select a unit of measurement, which might be determined by the purpose
of the estimation. For example, kilowatt hours if the aim is to reduce energy
consumption for its own sake; pounds sterling if the aim is to reduce energy
bills; grammes of carbon if the aim is to reduce carbon footprint.
3. Consider the multiple factors that might contribute to consumption for each
appliance. For example, for the washing machine: the number of loads of
washing in the selected time period; which wash and spin programmes are
selected; the energy intensity required by the washing-machine on those
wash and spin programmes, how often the wash and spin programmes are
run. For the kettle: the amount of water in the kettle; the energy intensity
of the kettle; the effectiveness of the insulation on the kettle; how often the
kettle is used.
4. Weigh up how much each of the factors influences the energy consumption
of each appliance.
5. Based on the weighted information for each appliance, estimate the energy
consumption.
6. Make a judgement about which appliance consumes the most energy based
on the previous steps.
There are far more relevant factors to consider in Step 3 than listed and it
is highly unlikely that most householders could access the values of them all,
estimate relative weightings for each of them, and then (keeping all this infor-
mation in memory throughout the judgement) integrate it all together to decide
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which appliance consumes more energy. Instead, people save effort by ignoring
the majority of the relevant information to simplify the judgement (Gigerenzer &
Gaissmaier, 2011; Shah & Oppenheimer, 2008).
The heuristic process of feature substitution (Kahneman & Frederick, 2002)
involves selecting a single cue at a time and substituting an energy consumption
estimate with an estimate of the heuristic cue. For example, when comparing the
relative energy consumption of the washing machine and kettle, the householder
could compare their relative sizes, substitute energy consumption with size, and
decide that the washing machine (as the larger appliance) consumes more energy
than the kettle. With just a single cue, based on a single feature of the appliances,
the householder can make a reasonable attempt at the judgement with signifi-
cantly less effort than if they had tried to make a fully “rational” judgement.
3.1.2 Identifying heuristic energy consumption cues
A small amount of previous research in the literature has found a small number
of heuristic energy consumption cues using a range of qualitative and quantita-
tive methods. The studies have also assumed a heuristic process of (or similar
to) feature substitution. The most commonly investigated cue has been the size
of the appliance, which has been identified in two quantitative studies (Baird &
Brier, 1981; Schuitema & Steg, 2005) and one qualitative study (Chisik, 2011).
Other cues have been identified but each by different studies and only a small
number of cues by each study. Table 2.1 in Chapter 2 summarises all the cues
by the studies in which they were identified1. The aim of the study reported in
this chapter was to explore the cues that householders can use to make heuristic
energy judgements using feature substitution.
The mostly quantitative studies in the literature selected the cues to test based
on theory and reasoning by the researcher, which limited them to identifying only
those cues that the researcher could propose in advance. Baird and Brier (1981,
Exp. 2 & 3) tested whether the size of the appliance was used as a cue based on
an initial card sort task (Baird & Brier, 1981, Exp. 1). In the card sort, when partic-
ipants were asked to sort a large set of appliances into groups according to their
energy consumption, the investigators observed that participants had appeared
1The interviews in the study reported in this chapter were conducted at around the same
time as van den Broek (2016) conducted her focus groups and without knowledge of her study.
Discussion of the links to her study are made later in relation to the findings of the present study.
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to group the appliances mostly by function then by their relative sizes. Schuitema
and Steg (2005), citing Baird and Brier (1981)’s findings, tested the size of the ap-
pliance, as well as its visibility in the home, and the amount of noise it makes on
the basis that all three are easily observable and so take little effort to perceive.
Schley and DeKay (2015) based their testing for the use of cognitive accessibility
on the widely-known heuristic theory of availability. They argued that the more
householders use and think about an appliance, the more “available” the appli-
ance is in memory, the easier it is to recall and so is perceived to consume more
energy.
The qualitative studies by Chisik (2011) and Kempton and Montgomery (1982)
took more open-ended approaches but identified only a few cues each. Chisik
(2011) asked participants to draw pictures of the appliances that consumed the
most electricity in their homes and observed that size, frequency of use, and
duration of use were perceived as proxies for the energy consumption of the
appliances. Kempton and Montgomery (1982) conducted ethnographic inter-
views about energy consumption and observed a small number of cues, including
time switched on and visibility. The more open-ended methods of these studies
showed promise for identifying cues from the perspective of householders but
the varied results of the two studies suggests that neither identified a compre-
hensive set of cues.
The quantitative studies in the literature selected and tested cues based on the-
ory and simple exploratory studies, while the qualitative studies enabled house-
holders to give their perspectives and to potentially identify other cues not de-
duced by researchers designing quantitative studies. The semi-structured inter-
view approach in the present study was designed to ask open-ended and non-
leading questions in order to access participants’ perceptions without interfering
with them as much as possible (Morgan, Fischhoff, Bostrom, & Atman, 2001).
This approach was intended to identify a larger set of cues, ideally verifying some
of those already identified in the literature and reporting new ones. As well as
aiming to identify a set of cues, a qualitative approach would provide greater in-
sight into how people use the cues and any other strategies that they might use in
order to infer energy consumption. In particular, it would help ascertain whether
people use just a single cue to make their judgements as Schuitema and Steg
(2005) concluded or whether they use multiple cues as Baird and Brier (1981) sug-
gested. While Schuitema and Steg (2005) concluded that their participants were
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using only a single cue to infer energy consumption, it is not possible to know
from their study whether participants might have used additional cues that were
just not measured in the study. Baird and Brier (1981) concluded that their par-
ticipants were using another cue in addition to size but they could not identify
what it was from their study.
3.1.3 Interviews, card sorts, and thinking aloud
The study reported in this chapter used semi-structured interviews with simple
card sorts to encourage and prompt discussion about participants’ judgements of
energy consumption and how they made their inferences. Card sort methods are
based on the assumption that people categorise everything that they experience
to help them make sense of it. Instead of considering everything that they en-
counter as unique, people try to reduce the cognitive complexity of the world by
grouping, or categorising, things according to similarity by some criteria (Rosch,
1978). Card sorts are, therefore, commonly used to obtain insights into how peo-
ple structure their understandings of the world (Barnett, 2004). The process of
conducting card sorts is assumed to reflect cognition so it was appropriate to use
a card sort to prompt discussions that would help access the underlying cognitive
processes. These assumptions correspond with the realist perspective from which
this research was conducted: the data obtained from the study were assumed to
provide insight into participants’ perceptions of reality.
To help the researcher’s understanding of the cognitive processes being demon-
strated by the card sort tasks, participants were asked to think aloud about what
they were doing. Thinking aloud during tasks such as card sorts is generally ac-
cepted to provide valuable insight into the focus of attention of the participant at
any given time during the task (Lucas & Ball, 2005)—in this case, the sequence of
considerations the participant was making whilst judging the relative amounts of
energy consumed by the appliances on the cards. This was especially beneficial
for this study in which it was the process of judging and comparing the energy
consumption of the appliances that was of interest.
Including the card sort tasks was aimed to help with participants’ engage-
ment in the interviews. Having the participants generate their own set of cards
labelled with appliances from their everyday lives ensured that participants were
judging and discussing appliances with which they were familiar. Other benefits
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of including card sort tasks were that participants generally find card sort tasks
to be enjoyable and that sorting cards can be especially helpful for people who
do not have strong skills at verbalising their thoughts and ideas (Barnett, 2004).
3.1.4 Research questions
The research questions addressed in this study were:
How do people try to infer the energy consumption of individual household
appliances? In particular, what sources of information (cues) do they use to infer
the energy consumption of household appliances?
3.2 Method
Ten UK householders participated in semi-structured interviews that included
simple card sort tasks. The audio recordings of the interviews were transcribed
and then analysed using Thematic Analysis.
3.2.1 Participants
Ten householders from a large village in South-East England were recruited to
participate in face-to-face interviews in their own homes. The geographical lo-
cation was chosen for proximity to the researcher’s own home. Although the
sample was from a fairly affluent area, the householders who took part were var-
ied in their jobs, ages, house size, and the number of occupants in their homes,
so they were reasonably diverse. Flyers asking recipients to share their thoughts
about how they use energy in their daily lives were delivered to about 75 house-
holds and then followed up by face-to-face requests. Householders who signed
up for an interview were given an information sheet to read in their own time
and the interview was scheduled to take place at their house within a week. See
Appendix A for examples of the flyers and the information sheets. Ten partici-
pants was considered sufficient to provide a variety of participants whilst being
feasible for the researcher to flexibly schedule the interviews at a time that suited
the householders around the researcher’s own part-time employment. It was also
a manageable number to transcribe and analyse.
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Table 3.1 gives details of the participants in the interviews reported in this
chapter. At the time of the studies, the participants were all residents of the vil-
lage. All participants were white and all were British except for PC02 and PC04
who were from other European countries.
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Table 3.1: Participant details in Study 1.
PC01 PC02a PC03 PC04 PC05 PC06 PC07 PC08a PC09 PC10
Sex Male Female Female Female Female Female Female Male Male Female
Age 30s 30s 20s-30s 20s-30s 30s-40s 30s 20s-30s 30s-40s 60s 60s
Job Accountant Housewife Office job Nurse Insurance
claims
manager
Public
relations
Unknown Oil
refinery
engineer
Retired
gas
engineer
Housewife
Adults 2 2 2 2 2 1 1 2 1 2
Children 3 2 2 2 0 2 5 2 0 0
Teens 0 0 0 0 2 0 0 0 0 0
Interview
Room
Lounge Dining Lounge Lounge Kitchen Lounge Lounge Dining Kitchen Kitchen
House
Age
21stC 21stC Late
20thC
Late
20thC
21stC 21stC 21stC 21stC Late
20thC
Early
20thC
House
Type
Mid-terr Detached Flat Detached Detached Semi Mid-terr Detached Detached Detached
Mains
Gas
Yes Yes No Yes Yes Yes Yes Yes Yes Yes
Heating Gas Gas Elec Gas Gas Gas Gas Gas Gas Gas
Owns
House
Yes Yes Yes No Yes ? ? Yes Yes Yes
Owns
Car
Yes Yes Yes No Yes Yes Yes Yes Yes Yes
Monitor In the
past
Never In the
past
Current Never Never Never Never Never Never
a Married couple.
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3.2.2 Data collection
The interviews were conducted by a single interviewer during nine weeks in May
to July 2013. The first few weeks were damp and rainy following an unusually
long, cold winter. In June, the weather became very warm and sunny, with July
being unusually hot. Interviewees often commented on the weather at the time
of their interview, especially when discussing the energy consumption of their
heating.
The semi-structured interviews lasted 30-60 minutes. Within a standard struc-
ture, participants were free to speak as much as they liked and individual ques-
tions were constructed on the fly by the interviewer based on the discussion.
3.2.2.1 Ethics
The study was conducted in line with the requirements of the University of Sur-
rey ethics at the time. Participants were given an information sheet about the
study when they scheduled an interview with the researcher. Before starting the
interview, the researcher introduced the interview and asked the participant to
sign a consent form if they were willing to continue and happy for the interview
audio to be recorded. After the interview was complete, participants were given
a debriefing form with the researcher’s contact details in case they had any ques-
tions or concerns after the researcher departed. See Appendix A for copies of the
documents used in the study.
All the interviews were conducted in the house of the participant. The re-
searcher’s contact phone number given to participants was for a SIM card ob-
tained for the purpose of the study and disposed of after all the interviews were
completed. Before entering, and after leaving, a participant’s house, the researcher
notified a friend of where she was.
3.2.2.2 Interview procedure
Interviewees were first asked to briefly describe what they expected to discuss
in the interview. This was to clarify how they interpreted the information given
on the flyer and information sheet. For the complete interview schedule, see
Appendix A.
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Participants were asked to generate a set of cards labelled with energy-consuming
appliances. At the start of the interview, participants were given pens and a stack
of small white cards and asked: “Could you write on each card something that
uses energy in your everyday life, inside and outside the home? Create as many
cards as you can and think out loud as you do it.”. Participants were asked to
number the cards in order of creation to aid transcription and analysis later.
Participants were next asked to group their cards according to the amount of
energy consumed by the appliances whilst thinking aloud. If participants pointed
to a card and did not read out which card they were pointing to, the interviewer
read the indicated cards out loud to ensure that the interview transcript made
sense later. They were then asked to explain in what ways the appliances were
similar within the groups and different between the groups. This was in order to
identify any features that they associated with energy consumption.
Participants were asked to order the cards according to energy consumption
from most to least whilst thinking aloud. They were then asked to make quantita-
tive judgements about the relative proportions of energy consumed (e.g. “twice
as much” or “five times as much”) by several pairs of appliances. They were
asked to explain how they came to their conclusions. The pairs of cards were
selected by the interviewer on-the-fly to encourage explicit judgements between
items close together in the ranking, far apart in the ranking, and as much as pos-
sible to cover variations in size, function, and physical appearance of the ap-
pliances. This was to encourage participants to discuss their perceptions of the
relative energy consumption of appliances.
At the end of the interview, if a participant had not previously mentioned
central heating, cars, or transport for holidays, they were then prompted to dis-
cuss how much energy each consumed. This was to gain some insight into how
they perceived greater energy consumers. Finally, they were asked if there was
any particular appliance for which they would be particularly interested to know
its consumption. This was to enable them to mention anything else that had
occurred to them and to express any confusions that they had not previously
mentioned.
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Figure 3.1: Example group card sort
from Study 1.
Figure 3.2: Example ranked card sort
from Study 1.
3.2.2.3 Recording and transcription
Audio recordings were made of all the interviews and photographs taken of all
the card sorts. An example group card sort is shown in Figure 3.1 and an example
ranked card sort is shown in Figure 3.2.
Card sort transcription The card sort was transcribed to help visualise what
the participant was talking about during the audio recording. From the photos
of the cards taken during the interview, a list was made of the cards in order of
creation by each participant. Table 3.3 was used during coding and analysis to
help visualise the rank order card sort alongside the interview transcription.
Audio recording transcription The interviewer transcribed all of the interviews.
During transcription, notes were made on the transcript about potential themes
observed whilst reading. There was not, therefore, a clear separation between the
process of transcribing and the process of analysing. Even during the analysis
of the data, certain interview recordings would be played back to check intona-
tion and emphasis in the transcript. The transcriptions were imported into QSR
NVivo 10 for coding.
Guidance on how to transcribe interviews was taken from Bailey (2008), Baze-
ley (2013), Jenks (2011), Lapadat and Lindsay (1999), Tilley (2003), including how
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much punctuation should be included in a transcript, how to record false starts
interruptions, and fillers like “erm” and “yeh”, how to format the transcript, and
so on. The purpose for which the transcripts had been created ultimately guided
decisions about how to transcribe the recording. The linguistic practices of the
speakers were not of particular interest; what mattered was the meaning that the
speaker was trying to convey. The level of detail and formatting of the transcript,
therefore, was important mainly to help with readability. When quoted, partic-
ipants’ speech is slightly edited for clarity: stutters, minor repetitions of words,
false starts, and interviewer interjections are removed; ellipses represent miss-
ing text that was removed for clarity and brevity; square brackets show words
missing from the original transcript that are required to understand the speech,
including the label on the card if the participant pointed at the card instead of say-
ing it out loud. Punctuation is used to aid reading but based mainly on pauses
during the original recording. Such edits are not intended to mislead the reader.
Where edits could change the meaning or interpretation, the text is left unedited.
3.2.3 Data analysis procedure
The interview transcripts were analysed using a theoretically-guided thematic
analysis (Braun & Clarke, 2006) from a critical realist perspective. Thematic anal-
ysis is “a method for identifying, analysing and reporting patterns (themes) within
data” (Braun and Clarke, 2006, p. 79). Thematic analysis was chosen as the most
appropriate method of analysis for this study because it is a qualitative method
that is not constrained to any particular epistemology and can be used with a
realist perspective and assumptions. The study in this chapter aimed to iden-
tify the sources of information that householders use as cues to infer the energy
consumption of appliances and to understand better how they use them. Whilst
guided by this research question, the coding of themes (and identification of cues)
was driven primarily by the data. It is likely that an awareness with previous
studies of householders’ energy perceptions (e.g. Baird & Brier, 1981; Chisik,
2011; Kempton & Montgomery, 1982; Schuitema & Steg, 2005) had some influ-
ence on identifying cues but no coding scheme was defined in advance. After
documenting and illustrating the themes identified in the analysis, the findings
were linked back to the energy perception and heuristics literature where rele-
vant and available. When participants’ speech is quoted in the Findings section,
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the context was checked against the original transcript and against Table 3.3 to
check the actual judgements made about the appliances and ensure the interpre-
tation made sense. When interpreting which cues had been used in a particular
judgement, the analysis focuses in what the participant said about that specific
judgement. While the participant might have mentioned other cues in previ-
ous judgements, people do not necessarily make consistent judgements and the
context of one judgement might have prompted the use of different cues than a
similar other judgement.
The thematic analysis was conducted according to the six-phase process and
quality standards documented by Braun and Clarke (2006). The six phases are
iterative and the analysis procedure involved moving back and forth between
the phases whilst progressing through the thematic analysis. The researcher con-
ducted the interviews and transcribed the data herself so the process of transcrip-
tion was an early stage in familiarisation with the data and noting initial ideas for
codes. After completing a draft of all the transcripts, an initial set of codes was
created which captured examples of cues (sources of information) that appeared
to be used by participants, difficulties participants mentioned encountering, com-
parisons participants made between appliances, weighing up of cues to make
inferences and make judgements when there was uncertainty, sources of uncer-
tainty, and so on. The identified cues were collated into themes in draft reports
according to conceptual similarities between them. This stage was repeated sev-
eral times in conjunction with re-drafting reports and re-listening to the original
interview recordings to clarify and try to understand participants’ perspectives.
Further reading of the heuristics literature helped the researcher to make sense of
the codes around the complexities of inferring and comparing energy consump-
tion and the difficulties expressed by participants when using the cues. Theme 2
was formed from this clearer understanding of heuristic theories which enabled a
more detailed analysis of the comparisons that participants were making and the
conflicts they were resolving. After deciding on the main themes, the researcher
re-read all of the interview transcripts to identify fuller quotations than those that
were coded originally so as to illustrate more fully the complex judgements par-
ticipants were making. This enabled the researcher to then analyse and describe
the mixture of cues as described in Theme 3.
The themes in the present study are defined around the three relevant cate-
gories of findings made during the analysis and are organised in the report so
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that they step the reader through a logical story in which each theme builds, to
some extent, on the previous one. The three themes are qualitatively different in
their contribution to the overall story so the definition of the theme was slightly
different for each. Table 3.2 lists the themes. In the first theme, there are three
sub-themes that group the types of cues identified in the analysis. A cue was
identified and labelled if it was mentioned or observed by at least three differ-
ent participants. This criterion was applied because if three participants inde-
pendently mentioned or demonstrated a particular cue, it was likely that other
householders might also use it and, importantly, it was likely that the cue had
been identified reliably by the researcher. The grouping of the identified cues
into sub-themes reflected the researcher’s interpretation of similarities between
the cues, though guided by participants’ comments as well. The second theme
was the most complex to analyse, especially teasing apart the unexpectedly dif-
ferent types of comparisons and inferences that participants were making so that
the researcher could interpret what they appeared to be doing at a cognitive level
and construct a coherent story about their perceptions. The criteria for defin-
ing a sub-theme was that it was a different level of complexity from the other
sub-themes and that there were multiple participants who demonstrated it. The
sub-themes were ordered in order to continue the story from Theme 1 of sim-
ple inferences and comparisons made from cues, through adding more cues to
the inferences and comparisons with increasing cognitive challenges to resolve.
The interview had not been designed to specifically explore the variety of com-
parisons made by participants but a reasonable number of illustrative examples
ranged across most of the participants and provided confidence in the interpre-
tations of their process of inferring energy consumption. Finally, the third theme
collects together three ways in which multiple participants expressed difficulties
in comparing the energy consumption of appliances. This third theme, whilst
not intrinsically part of the previous two themes, provides additional evidence
of the complexity and difficulty in making energy consumption judgements and
provides justification for why householders need to use heuristic strategies to be
able to make energy consumption judgements. After deciding on the themes, all
the transcripts were read again to check the context and validity of the quotations
used in writing up the findings.
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Table 3.2: Themes and sub-themes identified in Study 1.
Theme Sub-themes
Theme 1: Cues used to
infer energy consumption
of appliances
Amount of time that the appliance is in use
Amount of activity by the appliance
Characteristics of the appliance
Theme 2: Using multiple
cues to infer energy
consumption of
appliances
Combining corresponding cues to infer
energy consumption
Resolving contradictory cues to infer energy
consumption
Combining and contrasting cues when
comparing appliances
Difficulty in resolving contradictory cues
Ignoring relevant cues to simplify the
judgement
Theme 3: Other difficulties
when judging the energy
consumption of
appliances
Different fuel types
Unfamiliar units of measurement
Different usage periods
3.3 Findings
The findings from the thematic analysis are grouped into three themes with sub-
themes. Table 3.2 lists the themes and sub-themes reported in this chapter.
3.3.1 Card sort rankings
The purpose of the card sort exercises during each interview was to prompt
and encourage discussion with the participant about the energy consumption
of household appliances. The card sorts and rankings were not analysed be-
cause each participant generated their own card labels so systematic comparisons
across participants were not possible. The total number of cards created by inter-
viewees ranged from 8 to 26 (Median = 13 cards). Table 3.3 lists the cards gen-
erated by participants in the descending ranked order that was recorded during
the interview. Participants varied in the level of granularity they used in labelling
their cards with appliances. For example, PC01 misinterpreted the question and
used relatively high-level labels, mostly activities rather than specific appliances.
Most other participants labelled their cards with specific appliances but some
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still included some groups of appliances on a single card: “cooker (hob, oven,
microwave)” (PC08) or varied in whether they labelled a card with a single ap-
pliance or multiple instances of the appliance: “mobile phones” (PC05).
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Table 3.3: Card sort rankings per participant in Study 1. The first row is the one perceived to use the most energy with descending
amounts of energy down each column.
PC01 PC02 PC03 PC04 PC05 PC06 PC07 PC08 PC09 PC10
cleaning car tumble
dryer
radiator printers
(work)
heating
house
car heating private
transport
[cars]
shower
cooking oven electric
heaters
boiler fax
machines
(work)
heating
water
fridge
freezer
car heating heating
holidays iron car Fridge-
freezer
air con
(work)
household
appliance -
washing
machine
tumble
dryer
hot water hot water cooking
gas
eating washing
machine
washing
machine
oven hand
dryers
(work)
dishwasher washing
machine
fridge cooking cooking
elec
electrical
devices,
tablets
dishwasher fridge dishwasher gas
heating
car dishwasher cooker
(hob, oven,
mi-
crowave)
lighting gas heater
sport
watching
kettle oven washing
machine
lights fridge oven kettle fridge,
freezer
lights
work
travel
aquarium
[fish tank]
gym
machines
[extractor]
fans
tumble
dryer
lights boiler TV / PCs TV washing
car lamps
[lights]
microwave computers dishwasher oven laptop fish tank telephone shower
working lights camera washing
machine
laptop TV lighting computer kettle
train video
games
Nintendo
[console]
electric
oven and
gas hob
microwave games
console
gas
barbeque
radio Fridge-
freezer
cycling TV clock radio TV lighting shower TV
Continued on next page
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Table 3.3 – Continued from previous page
PC01 PC02 PC03 PC04 PC05 PC06 PC07 PC08 PC09 PC10
lights at
work
Xbox garden eg
lawn-
mower
lights hoover
PC at work microwave TV toaster iron
laptop computer hairdryer telephone radio
Sky box laptop [hair]
straighten-
ers
wifi medi [air
purifier]
DVD hoover CD player
/ radio
smoke
alarms
mobiles mobile
phones
kettle
iPod hair dryer
kettle
[hair]
straighten-
ers
toaster
lawn
mower
strimmer
hedge
cutter
steamer
fans
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3.3.2 Theme 1: Cues used to infer energy consumption
The cues that participants mentioned were grouped into three sub-themes. Cues
were identified from participants’ reasoning about why an appliance consumed
high or low amounts of energy, or more or less energy than another appliance.
3.3.2.1 Theme 1.1: Amount of time that the appliance is in use
All participants emphasised that the amount of time that the appliance is switched
on or in use influenced how much energy the appliance consumed: “if it’s on, it’s
always going to use more up than if it’s off” (PC07). The amount that the appli-
ance is used was defined in several ways: how often the appliance is used, how
long it is used for, whether its usage is constrained by the seasons and weather,
and how many instances of the appliance are in use at the same time. The more
an appliance is used, the more time it is on, and, therefore, the more energy it was
perceived to consume.
Frequency of use All participants seemed to assume that the more often an
appliance is used or switched on, the more energy it consumes. PC01 ranked
cooking second-highest of his appliances: “I would say that cooking uses probably
a mid-to-top range [of energy consumption] because, obviously, we eat every
single day. Breakfast, lunch, and all the rest of it.” (PC01). Other participants
ranked the car’s energy consumption highly because they used it a lot: “the car I
use every day” (PC03).
PC05 explained that she thought had ranked her appliance cards according
to frequency of use rather than energy consumption because the appliance that
consumed the least was the appliance that was used the least:
probably toaster, probably hedge cutter. Because they’re the least used.
The others are probably used on a daily basis. So. . . rather than con-
suming energy, least used is probably how I’ve made that decision.
All the rest are probably used on a daily basis. So, yeah, probably fan,
toasters, hedge cutter, intermittent ones. Whereas the rest probably
are used on a daily, if not, weekly basis. (PC05).
Accordingly, she considered the dishwasher to consume the most energy “be-
cause that gets used daily” (PC05).
Chapter 3. Exploring Perceptions of Energy Consumption (Study 1) 68
What was considered frequent versus infrequent varied according to the com-
parisons being made. PC04 considered her washing-machine and dishwasher,
run 3-4 times a week, to be run infrequently relative to her husband’s computer
used every day: “this [washing-machine] is just run, maybe say three times a
week? This [dishwasher] is run every other day so they run quite infrequent
whereas the computer is on almost all the time because [husband] works from
home” (PC04). PC10 judged her iron to consume less energy than her kettle be-
cause she used the iron once a week but the kettle 3-4 times a day: “the kettle I
can use three or four times a day? The iron once a week” (PC10). The definitions
of frequent and infrequent were flexible, perhaps depending on context.
Duration of use or amount of time switched on While a high frequency of
using an appliance seemed to be perceived as giving more opportunity for the
appliance to consume energy, most participants also considered the duration that
the appliance was being used or switched on as influencing the amount of energy
it consumed. The longer the appliance is in use or switched on, the more energy
it was perceived to consume: “because the fridge is on all day I think it does use
a lot of energy” (PC06). PC06 ranked the hair dryer much lower than the central
heating, water heating, and kitchen appliances:
Things like hair dryers, it’s all very sort-of off-and-on and they’re not
used very long. So, for me, I’d think that things that were on a lot of
the time, a lot of the day, that were using energy. So probably things
like heating, heating water. Appliance-wise, I guess it would be sort-
of washing machine, fridge, that type of thing (PC06).
Almost all of the participants perceived that the longer the duration of time
that an appliance is used or switched on, the more energy it consumes: “the car,
first, the fact that we use for a longer time, generally” (PC02); “the iron would
use more than what the medi [nebuliser]. The iron would be on for an hour; the
medi’s on for maybe less than three minutes” (PC10). In particular, appliances
like the fridge, freezer, and central heating that were considered to be “on” all the
time were considered to consume a lot of energy relative to appliances (like hair
dryers) that are not on continuously: “The fridge freezer is obviously on all the
time and is always using power” (PC07); “quite high up, especially in the winter,
because we obviously use it a lot more” (PC03).
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Appliances that are not on or in use for very long were perceived to consume
less energy: “less energy use per car ride because I won’t go very far” (PC01).
PC04 perceived that the energy consumption of appliances depended on “whether
they are on all the time. . . So fridge-freezer uses a lot because it’s connected all the
time. The boiler’s always on so, these one are high-consuming because they are
always on.” (PC04). Yet, she knew from monitoring it that her clock radio con-
sumed very little energy despite being permanently plugged in: “it’s hooked in
all the time but it doesn’t use a lot” (PC04). It is not clear why she accepted the
clock radio as an exception to her rule.
There was some disagreement about when a fridge-freezer was on or in use
and consuming energy. Most participants considered the fridge and freezer to
be always on and consuming energy; for example: “the fridge is constantly on,
whereas the cooker is intermittent.” (PC08). PC10, however, appeared to consider
use of a freezer as being when the door was opened and the freezer consumed
energy to maintain its temperature. She did not appear to consider the freezer to
be on all the time and ranked its energy consumption relatively low compared
with appliances that she considered to be switched on for a longer period of time:
the kettle does use short bursts of electric. I know that. Heating is a
constant use. Washing machine, well my washing machine’s got ’eco’.
It can take anything from two hours to 30 minutes depending on what
load I’m putting in there. . . I only go in my freezer if I really have to.
Because as soon as you open that door, you use up more electricity to
bring it back down (PC10).
As in the case of frequency of use, longer and shorter durations of use were
flexibly defined according to the comparisons being made. For example, PC05
considered the heating to be on for a long time relative to the washing machine:
“washing machine is just on for, I have a 50 minute cycle, whereas the heating can
be on for hours” (PC05). Participants sometimes clearly distinguished between
frequency of use and duration of use but sometimes talked more generally about
the amount of use: “it’s up there because I use the car a lot” (PC06).
Number of instances in use at once A few participants sometimes considered
the number of instances of an appliance in use at the same time to be relevant
to how much energy the appliance consumed. The assumption appeared to be
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that the duration of use was multiplied across the number of instances: “I put
electrical devices coming slightly ahead of the last three. Just because it is just
literally loads of them constantly going.” (PC01); “the number of lights I’ve got
in this property and the number of downlighters, yeah it does give me cause for
concern” (PC05). PC05 considered her house lights to consume high amounts of
energy because they were often all on at once: “having two teenagers who leave
every single light on in the house. . . it looks like Blackpool Illuminations most
nights as I pull into the close” (PC05).
PC09 perceived that if he had multiple instances of an appliance but they were
not in use at the same time, the energy consumption would be lower: “A flat-
screen thing, yeah. Well, two actually but we won’t talk about that. They’re never
on together so. . . ” (PC09). PC01 implied, however, that having multiple devices,
even if they are not on all at once, gave more opportunity for use (especially with
several people living in the household) and, therefore, energy consumption: “on
average, I reckon, on average a day, we’ll use one of those devices, at least two of
them, for one full [charging] cycle per day.” (PC01).
3.3.2.2 Theme 1.2: Amount of activity by the appliance
Participants also inferred energy consumption from the amount of activity by the
appliance when switched on. They perceived that an appliance is not necessarily
just “on” or “off” but is consuming more or less energy depending on how active
the appliance is. The less active the appliance was perceived to be, the less en-
ergy it was perceived to consume; the more active, the more energy consumed.
PC07 ranked her smoke alarm, wifi router, and telephone (out of 16 appliances) as
consuming the least amount of energy because: “they mainly just sit there doing
nothing” (PC07). This is in contrast to her explanation of why the shower uses
more energy: “Well it’s doing something. It’s pumping the water. And heating the
water and everything else it’s doing at the same time.” (PC07). Similarly, when
comparing the energy consumption of the car with the fridge-freezer: “actually
the amount of energy that’s being used in the car and what it’s actually doing
is probably more than a fridge freezer to be fair isn’t it, it’s just hard to compare
them” (PC07).
She and some other participants perceived that appliances on “standby” do
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consume some energy but that it is relatively low because of the relative inactiv-
ity:
They don’t do an awful lot. They just sit on standby. And they just
in general seem to just have little lights that flash, if that makes sense,
d’you know what I mean? They’re just telling you they are there and
obviously the wifi the light just tells you it’s doing something, it’s not
actually using power I don’t think. (PC07);
“I don’t have the TV on a lot. . . although I know when it’s on standby it still
uses energy.” (PC06); “you can put it on standby and so on so it doesn’t use a
lot of energy but it uses small amount but for a longer period of times.” (PC04).
Participants inferred relative levels of activity in various ways, including whether
the appliance produces heat, cooling, noise, or movement.
Heating something up Heating up air, water, or food was perceived to cause
an appliance to consume a lot of energy. PC05 inferred high energy consumption
in appliances that heated things up:
I’ve got this thing in my head about if it has to heat things for a long
period of time, like tumble dryers, electric ovens, washing machines,
has to heat the water, anything that has to heat something, I dunno
almost says to me that it’s going to use more energy (PC05).
Similarly, PC02 described the oven and iron as using “lots of energy” because
“maybe in my mind it’s because they are hot? But, to be fair, I don’t know. . . I
would say in this case it’s the heat and the fact that you have a resistance [heat-
ing element]” (PC02). PC06 went further in perceiving that producing heat was
the cause of some appliances consuming large amounts of energy: “you’re using
quite a high level of energy to be heated” (PC06).
Participants tended to consider whether or not the appliance produced heat
rather than the amount of heat it produced. They then sometimes struggled
to differentiate between two heat-producing appliances on the basis of this cue
alone. For example, when PC05 compared whether the toaster or the kettle would
consume more energy in the same amount of time:
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I’d probably say the toaster. Just because of the heating elements and,
I don’t know why, something would be telling me that it would con-
sume more energy to heat those elements than. . . but then you’re heat-
ing an element in a kettle. I dunno! Yeah, don’t think there’d be much
in that (PC05).
The relative amount of temperature change was considered in one judgement.
PC03 ranked the tumble dryer as consuming more energy than the washing ma-
chine because she perceived it to produce the higher temperature and therefore
to consume the most energy. Even then, she just perceived that she could use
a lower heat setting on the washing machine but not on the tumble dryer. She
did not consider the actual amounts of temperature change produced by each
machine:
I just think a tumble dryer, they’re quite renowned for being just en-
ergy eaters. And a washing machine, obviously you can put on a
lower setting so you can have your cooler wash so you’re not using
as much energy, but with a tumble dryer you don’t really get a choice.
You’ve got to dry. . . you’re hoping to dry your clothes (PC03).
Heating something up was perceived to consume large amounts of energy.
Cooling something down A smaller number of participants talked about the
high amount of energy taken to cool things too. Their perceptions were based
on engineering expertise (PC08) and experience of experimentation whilst taking
readings from the electricity meter (PC10):
It’s more expensive and it takes more energy to make cold than it
does to make hot. . . Even if your fridge and freezer. . . we didn’t buy
it but I’d hope it’s at least an A-rating, but even with that, the fact it’s
cold will use more energy than something that’s hot, even though it’s
maybe sort-of 15 degrees away from ambient, as opposed to cooking
to quite a high temperature. (PC08);
“I keep my fridge about [setting] 3. You can go lower or higher but I notice it
burns up more electric if I go any further down” (PC10).
The process of cooling or lowering the temperature was perceived to be the
cause of the appliance consuming energy. The more the temperature is cooled, the
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more energy was perceived to be consumed. In contrast, just maintaining a tem-
perature so that it did not appear to change was perceived to consume much less
energy: “I only go in my freezer if I really have to. Because as soon as you open
that door, you use up more electricity to bring it back down to its normal. . . where
its temperature is” (PC10); “a fridge can maintain a constant. . . as long as you’re
not leaving the door open all the time and you’re taking care of the freezer. . . then
hopefully it’s just ticking along.” (PC03).
Cooling something down was perceived to consume large amounts of energy.
Producing noise Some participants inferred the amount of activity, such as pro-
ducing heating, from the amount of noise emitted by the appliance. When com-
paring the boiler with the toaster, PC07 considered the boiler to consume more
energy by the amount of noise made: “When the boiler’s on, I’m assuming it’s
using an awful lot more than the toaster when it’s on because it makes a lot of
noise. . . . you know it’s doing something, it’s shoooooshhh. It’s doing some-
thing” (PC07). Similarly, when she had previously sorted her cards into groups
of objects similar by their energy use, she explained that the fridge freezer was in
the group that she said used the highest amount of energy because of the noise
she could hear it making: “my fridge freezer just always makes a noise. Do you
know what I mean? It’s always just there making a noise” (PC07). PC10 used the
noise she heard to know whether the boiler was doing something or not when
the central heating was switched on: “the gas central heating. . . once it gets to a
certain temperature and then when that temperature drops, it goes booooom!”
(PC10).
It seems likely that other participants also inferred the activity of appliances
around the house by noise to some extent but they may not have been aware
of doing so. For example, PC03 didn’t directly relate the amount of noise to the
amount of energy used but it was clearly in her mind when she was talking about
how much energy her tumble dryer used: “every time you use it, it’s got to get
really hot, and then it’s condensing. Sorry, you can hear it going now. And then
you’re condensing the water so it’s probably using an awful lot of energy” (PC03).
The more noise emitted by an appliance, the more the appliance was perceived
to be doing something (e.g. changing temperature) and the more energy it was
perceived to be consuming.
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Producing movement Another way in which some participants seemed to in-
fer that an appliance was doing something was if there was visible movement
associated with it. For example, the use of fans in electronic devices appeared to
indicate more energy consumption than without fans (and their associated move-
ment): “we have fan-less computers that don’t run on fans because that makes
them consume less energy” (PC04).
PC10 had watched the dial spinning on her electricity meter: “the only way I
can monitor and that’s look at the little thing that’s going round” (PC10). She had
associated the speed with which the dial spun with the rate of energy consump-
tion of certain appliances around the kitchen: “I have seen that thing [the elec-
tricity meter dial] that goes sssssssss [spins round] like that” (PC10). The faster
the spinning, the more energy she inferred was being used: “when the electrician
came in, he had to turn most things off and I noticed, once everything else started
to come online, it was going even faster and faster. And then you put the kettle on
and even it went even faster!” (PC10). More movement implied greater energy
consumption.
3.3.2.3 Theme 1.3: Physical characteristics of the appliance
Another source of cues that participants used to infer energy consumption was
the appliance itself. Certain characteristics of the appliance, specifically its size,
age, and the perceived energy intensity required to operate the appliance were
associated with the energy consumption of appliances.
Size of the appliance Most participants perceived that larger appliances con-
sumed more energy and smaller appliances consumed less: “I’ve got quite a big
car so it uses a lot of energy” (PC03); “they’re actually quite small, they don’t need
an awful lot of energy” (PC03); “I’ve got this logic that if it’s smaller it doesn’t
consume as much energy and if it’s larger it does.” (PC05).
Other participants were less explicit but still fairly clearly thinking along the
same lines: “it must be one of the big appliances I would’ve thought uses the
most” (PC07); “I would’ve put kettle in same category [as the washing-machine
and dishwasher] but, because it’s smaller, put it in there” (PC02). PC04 ranked
her computers, which she described as “tiny ones”, as having relatively low en-
ergy consumption, while PC06 ranked her car, which she described as “the big
car”, as having relatively high energy consumption.
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Age of the appliance Many of the participants inferred that the newer the ap-
pliance, the more efficient it would be and, therefore, the less energy it would
consume. Newer appliances were seen as being designed to consume less en-
ergy:
old fridges were inefficient like anything else. Modern ones are a lot
better. It’s the same with [heating]. Having had the boiler changed
within the last two years, I’ve noticed a difference already cos the
other one was 30 year old then this new one’s not (PC09);
“They aren’t top-quality, they aren’t the best type of machines, they don’t use the
least amount of water, aren’t very efficient, they’re quite old I would say as well,
so I think, I am sure there are better brands, better things you can get” (PC04); “it
really depends on who made it, when it was done” (PC02).
PC09 felt that appliances are slowly becoming more efficient over time in how
they are designed:
it’s all moving up isn’t it, in efficiency? Slowly. And some more sig-
nificantly than others. [Cooking] I don’t think’s ever moved very
much. [Lighting]’s probably moving a bit. [Fridges are] moving a
little. And [TV and radio] are insignificant enough anyway. . . alright
they are more efficient than the old valve sets, if you remember that
far back (PC09).
Conversely, PC01 made the point that some electronics are actually less ef-
ficient than were previous generations of the same technology, such as mobile
phones and similar electronics: “in the old days you should be able to plug some-
thing in and it would last 3 or 4 days; they barely last 3 or 4 hours” (PC01). While
newer appliances were generally perceived to consume less energy than older
versions of the same appliance, participants recognised specific exceptions.
Perceived energy intensity Some participants talked, slightly vaguely, about
the energy intensity an appliance needed in order to operate. This idea was sim-
ilar to that of the intensity of energy as measured in kilowatts, which is different
from the overall amount of energy consumed over time as measured in kilowatt-
hours. It was not clear how participants inferred the energy intensity of an ap-
pliance; they possibly inferred some level of efficiency in the appliance from its
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age: “your iPod and your mobiles, they tend to be not needing so much energy
because they’re made pretty well now aren’t they?” (PC03). PC02 had some
sense of the energy intensity of different appliances based on experience of faulty
wiring in a previous house in which high-intensity appliances sometimes caused
electricity supply problems: “those are the two items that I switch off first if there
is any problem. Because they will be the. . . one that could create a problem.”
(PC02). Although this cue of energy intensity was not very clearly defined by
participants, it is included here because it was often used when participants con-
sidered more than one cue in a judgement, which will be discussed further in
Theme 2.
High energy intensity was assumed to imply high energy consumption but
tended to be considered in contrast with inferences made from other cues. For
example, PC08 explained that while the kettle requires high energy intensity, it is
not used very often in their house: “when the kettle gets used, obviously it uses
a high demand but it only really gets used maybe twice a day” (PC08). PC01
similarly contrasted the high energy intensity that he perceived in the car with
his infrequent use of the car:
I very rarely use the car, I only go on holiday once a year, and but
they’re quite low usage, low frequency high usage. As opposed to
watching sport, which I do all the time, and eating are kind-of things
where I do them all the time but probably they don’t have that much
impact. (PC01).
Conversely, he perceived cycling to consume the least energy by contrasting the
low energy intensity of cycling with his high frequency of cycling: “cycling is
kind-of like really high frequency but obviously really low energy usage.” (PC01).
3.3.2.4 Summary and implications of Theme 1
Theme 1 identifies three types of cues (sources of information) used by partici-
pants to infer the energy consumption of the appliances: the amount that the ap-
pliance was used (frequency, duration, and number of simultaneous uses; Theme
1.1); the amount of activity perceived in the appliance (heating something up,
cooling something down, producing noise, producing movement; Theme 1.2);
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the physical characteristics of the appliance (size, age, and energy intensity re-
quired to operate; Theme 1.3). Table 3.4 summarises the cues identified in Theme
1.
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Table 3.4: Energy consumption cues mentioned by participants in Study 1.
Sub-theme Cue No. of participants Participants
Amount of time
that the appliance
is in use
10
How often the appliance is used 10 PC01, PC02, PC03, PC04, PC05, PC06, PC07, PC08,
PC09, PC10
How long the appliance is used for 9 PC01, PC02, PC03, PC04, PC05, PC06, PC07, PC08,
PC10
How many instances are used at the
same time
4 PC01, PC05, PC08, PC09
Amount of activity 8
Activity when on vs standby vs off 3 PC04, PC06, PC07
Changing temperature – heating up 8 PC02, PC03, PC04, PC05, PC06, PC07, PC08, PC10
Changing temperature – cooling down 5 PC03, PC04, PC05, PC08, PC10
Producing noise 3 PC03, PC07, PC10
Producing movement 3 PC04, PC07, PC10
Characteristics of
the appliance
9
Size of the appliance 8 PC01, PC02, PC03, PC04, PC05, PC06, PC07, PC08
Age of the appliance 6 PC01, PC02, PC03, PC04, PC05, PC09
Energy intensity of the appliance 6 PC01, PC03, PC04, PC06, PC07, PC08
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Summary and implications of Theme 1.1 Participants inferred high energy
consumption from appliances that were used frequently, used for a long dura-
tion of time, or when multiple instances of an appliance were in use at the same
time.
The amount of time that an appliance is on or in use is a logical cue to use
because, as PC04 said: “the one thing that they don’t do is that they don’t use a
lot of energy when you don’t use them” (PC04). The finding that people might
use the amount of usage as a cue corresponds with findings in previous qualita-
tive studies in the literature which have found that participants appeared to infer
energy consumption from the frequency of use, duration of use, or both (Chisik,
2011; Kempton & Montgomery, 1982). Van den Broek (2016) also found that the
amount of time switched on was relevant but in the opposite direction: the longer
the time that the appliance was switched on, the less energy her participants in-
ferred it to use per unit of time because if it consumed a lot and was on a long
time it would be very expensive to run. Van den Broek (2016) did, however, dis-
tinguish perceptions of human usage of an appliance from its time switched on
and greater usage was perceived to consume more energy. In the present study,
time switched on and duration of use were considered a single cue because par-
ticipants did not usually clearly distinguish between the two.
An implication of this focus on usage is that a reduction in consumption could
reasonably be achieved by simply using an appliance less. As all participants
appeared to use usage-based cues at least some of the time, this might partly
explain why studies in the literature have found that householders tend to over-
estimate the amount of energy that can be conserved by curtailment actions, such
as switching off the appliance and using it less (see Lesic et al., 2018): “once you
switch them off they’re not using energy any more” (PC06) and “the one thing
that they don’t do is that they don’t use a lot of energy when you don’t use them”
(PC04). While energy conservation experts bemoan householders’ apparent pref-
erence for curtailment over efficiency methods of reducing energy consumption
(Lesic et al., 2018), the data here show a perceived causal relationship between
usage and consumption.
Summary and implications of Theme 1.2 Participants distinguished between
appliances being on and doing very little (including being in standby mode) and
appliances that were on and doing a lot. The more activity the appliances was
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perceived to be doing, the more energy it was inferred to be consuming. Per-
ceptions of activity were based on whether the appliance was heating something,
cooling something, producing noise, or producing movement.
Again, this set of cues makes intuitive sense. The more effort required by
humans to do certain activities, such as running or digging, the more energy
(food) they need relative to if they were just standing still. Also, people have
experience of fires producing heat and requiring more wood or coal to burn in
order to continue producing heat. Of the studies in the literature, qualitative
and quantitative, only van den Broek (2016) also found evidence that people use
the amount of activity and, especially, the amount of heat (which she interprets
as a separate cue) to infer energy consumption. The cue of heating up water
or air was in the third most used and mentioned cue by van den Broek (2016)’s
focus group participants. It is surprising, therefore, that more studies have not
reported it previously. In a study of how people perceive the real-time feedback
of energy monitors, Kidd and Williams (2008) observed that participants learnt
from their monitors that appliances that produce heat seemed to consume more
energy although they did not appear to have perceived this prior to using the
monitor. It was not clear in the present study how participants had acquired this
perception.
Van den Broek (2016) did not report that noise and movement were used
as cues by her participants. Schuitema and Steg (2005) did test quantitatively
whether noise was used as a cue but found no relationship between the amount
of noise and perceived energy consumption. The evidence for noise being used
as a cue in the present study was much weaker than some of the other cues so it
is possible that it is used only occasionally or only by some people.
One positive implication of householders inferring high energy consumption
from heating something up is that it should help householders to appreciate
that central heating and hot water accounts for 80% of annual domestic energy
consumption (excluding transport) in the UK (domestic energy consumption ac-
counts for 29% of the total annual UK energy consumption) (BEIS, 2017a). Sim-
ilarly, if cars are perceived to be highly active from their amount of movement,
householders should be able to appreciate that 65% of all UK transport is for
domestic transport, the majority of which is road (mostly passenger) transport
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(BEIS, 2017a). One possibly negative implication is that appliances like fridge-
freezers which some participants perceived to be relatively inactive, might be un-
derestimated: “the fridge and things like that are on all day. I’m guessing they’d
be up there even though you don’t feel like you’re using energy when they’re on”
(PC06).
Summary and implications of Theme 1.3 Participants also inferred energy con-
sumption from physical characteristics of the appliances, including the size of the
appliance, the age of the appliance, and the perceived energy intensity required
by the appliance to operate.
Perceptions of the size of appliances have been shown to have an influence on
(or strongly correlated with) perceptions of energy consumption in both qualita-
tive studies (Chisik, 2011; van den Broek, 2016) and quantitative studies (Baird
& Brier, 1981; Schuitema & Steg, 2005). Presumably, people have experience of
large things taking more effort to lift and move, to clean, to heat, and so on. It is
plausible, therefore, that they would assume that large appliances would require
more energy to operate. Some participants also explained that larger appliances
can hold more water which would then take more energy to heat.
Using size as a cue can be useful because kitchen appliances, the boiler, and
transport were generally perceived to be large and to consume a lot of energy.
Large kitchen appliances (e.g. fridge-freezer, washing-machine, and cooker) ac-
count for approximately half of all electricity consumption in households. How-
ever, although consumer devices (e.g. tablets and smart phones), which are often
much smaller than kitchen appliances, consume relatively little energy each, the
increasingly large numbers of them in households (an average of 13 per house-
hold in 2016, up from two in 1970) mean that they together contribute 27% of
annual domestic energy—more than lighting (15%) (BEIS, 2017a). Basing judge-
ments purely on size is useful but can be misleading if used as the only cue to
infer energy consumption. As will be shown in Theme 2, in reality, participants
tended to combine size with other cues.
Age has not previously been reported as a cue by any of the studies sum-
marised in Table 2.1 but it is not really that surprising that age was used as a cue.
There is great emphasis in energy-saving campaigns to replace older, less effi-
cient appliances with newer, more efficient ones. For example, since 2005, the UK
government has mandated (with few exceptions), that households replacing their
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boilers must install new, more efficient, condensing boilers (ODPM, 2005). By the
end of 2015, 59% of UK households had a condensing boiler (BEIS, 2017a). Many
UK households have at least this experience of associating new appliances with
greater energy efficiency or less energy consumption. It was not always clear in
the interviews whether participants associated age with technological innovation
or with degradation over time (or both). There was also acknowledgement by a
couple of participants that while modern technologies might run more efficiently,
they do not necessarily last as long as old ones.
While size and age are fairly easy to perceive, it was less clear how partici-
pants inferred the energy intensity. It is possible they were basing that inference
on some other, unknown, cue or cues. Of the previous studies, only van den
Broek (2016) reported the use of perceived energy intensity as a cue. She de-
scribed it as “a general feeling” (van den Broek, 2016, p. 171) on the part of her
focus group participants, similar to Wattage.
Limitations of inferences based on single cues Although participants made
inferences about energy consumption from each of the cues listed in Table 3.5,
they did not always base their judgements on a single cue. As noted in the sum-
maries of this theme, there would clearly be errors made at least some of the time
if householders relied on single cues to make judgements about energy consump-
tion. For example, inferring low energy consumption for a fridge-freezer because
it does not seem very active, or ignoring the combined contribution of small con-
sumer devices just because each individual device consumes relatively little en-
ergy compared to the large kitchen appliances. As the second theme shows, par-
ticipants did not always constrain their inferences to being made on the basis of
single cues.
3.3.3 Theme 2: Using multiple cues to infer consumption
Theme 3.3.2 lists the different cues that participants used when making judge-
ments about the energy consumption of appliances (see Table 3.5). Theme 2
explores how participants used more than one cue when inferring the energy
consumption of appliances and how they resolved contradictory inferences from
multiple cues.
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Participants often perceived more than one cue to be relevant when inferring
the energy consumption of appliances. In some cases inferences made from mul-
tiple cues corresponded with each other to provide stronger evidence for a judge-
ment about an appliance’s energy consumption (e.g. both cues led to an inference
of high energy consumption). In other cases, inferences made from the cues con-
tradicted each other (e.g. one cue would lead to an inference of high energy con-
sumption and one would lead to an inference of low energy consumption) so the
participant had to decide which cue was a better indicator of energy consump-
tion for that appliance. This could be especially complicated if two cues led to
opposing contradictory inferences about two appliances.
3.3.3.1 Combining corresponding cues to infer energy consumption
When multiple cues led to the same inference about energy consumption, partici-
pants did not need to make further considerations and could be confident in their
judgements.
large size + heating up = high energy consumption Large appliances and ap-
pliances that heat up air or water were both perceived to consume high amounts
of energy. Larger appliances can hold more water, food, or air which would take
more energy to heat up than the smaller amounts of water, food, or air that can
be contained in smaller appliances: “if they’re bigger, there’s more of a space to
fill, whether it be either heating it with the oven or the dishwasher. . . It’s all got
to be heated hasn’t it?” (PC07). Appliances that can hold a lot of water need to
consume a lot of energy to heat up that water: “I think the dishwasher’s. . . I think
it’s about 60 litres isn’t it or something? The water it takes, and it’s got to heat
that water up” (PC08).
large size + long duration of use = high energy consumption The duration of
time that the appliance was switched on or in use was also perceived to influence
the amount of energy consumed in conjunction with other cues. Large appliances
used for longer periods of time were perceived to consume more energy than
smaller appliances used for shorter periods of time:
I think there is an element of sizes and the length of time that you use
them for. So, you know, the tumble dryer may be on for 45 minutes,
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whereas a kettle will only be minutes. . . So size of the appliance but
also the usage period as well would sway me as to what uses more
than others (PC05).
heating up + long duration of use = high energy consumption Heating some-
thing up was perceived to indicate greater energy consumption but heating some-
thing up for a longer duration of time was perceived to indicate, perhaps, even
more:
I’ve got this thing in my head about if it has to heat things for a long
period of time, like tumble dryers, electric ovens, washing machines,
has to heat the water, anything that has to heat something, I dunno
almost says to me that it’s going to use more energy (PC05).
low frequency of use + short duration of use = low energy consumption Ap-
pliances that are used infrequently and appliances that are used for only short
periods of time were both perceived to consume smaller amounts of energy. Ap-
pliances that are used both less often and for less long were perceived to consume
very little energy: “My camera is maybe charged once a week for a few hours so
very tiny amounts.” (PC04).
3.3.3.2 Resolving contradictory cues to infer energy consumption
In some cases, when using more than one cue to infer energy consumption, par-
ticipants found that their inference from one cue contradicted their inference from
another cue for the same appliance. Participants had to decide which of the cues
is more indicative of the appliance’s energy consumption. In the following illus-
trative quotations, where the most indicative cue is not mentioned, it is deduced
based on the participant’s ranking of the appliances’ energy consumption during
the card sort tasks (see Table 3.3).
higher frequency of use > lower energy intensity Some participants mentioned
situations in which the frequency of use of the appliance was important but also
noted that the perceived energy intensity that the device needs to operate is also
relevant: “electrical appliances like tablets and things, there just kind-of like, you
know, high frequency but low [energy] usage” (PC01).
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high usage > lower intensity PC04 perceived her household’s computers to be
quite efficient (which she put down to them being both small and fan-less) and
so requiring lower energy intensity. She did, however, also feel that they used the
computers a lot, especially as her husband used his for work as well as leisure.
While she still ranked the computers relatively low in terms of energy consump-
tion, she clearly felt that they would be much lower if they were not used as
much: “We have good computers which consume low amount of electricity so I
think that’s quite low, but it’s used a lot, so in-between.” (PC04)
short duration > higher intensity PC10 judged the kettle to consume a moder-
ate amount of energy because she had observed (by taking readings from the elec-
tricity meter) that it required a high energy intensity but for a very short amount
of time: “the kettle does use short bursts of electric” (PC10).
short duration of use > high frequency of use Most of the participants men-
tioned, explicitly or implicitly, that the frequency of use usually has to be bal-
anced against the duration of use (and maybe other dimensions too). Appliances
used frequently were seen as consuming less energy than they might otherwise
have done if they were only used for short periods of time: “hoovering, once
every other day, but it’s not on for very long.” (PC10).
3.3.3.3 Comparing appliances using contradictory inferences
Making inferences about energy consumption, and resolving contradictory cues,
was often for more than one appliance at once. Even if the participant was not
explicitly comparing one appliance with another, they were usually making an
implicit comparison, as can be seen from the use of terms like “a lot of energy”,
“large”, and “used frequently”. See Table 3.3 for participants’ rankings of the
appliances’ energy consumption.
(higher usage + lower intensity) > (lower usage + higher intensity) PC07 con-
sidered the fridge freezer to consume more energy than the tumble dryer, because
the fridge freezer is on all the time, even though she perceived the tumble dryer
to require higher intensity of energy than the fridge-freezer: “I’ve only put the
fridge freezer here because it’s on all the time. The tumble dryer when it’s oper-
ational is using more than the fridge freezer when it’s operational” (PC07). She
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judged the greater usage of one appliance to be more indicative of higher en-
ergy consumption than the higher energy intensity required to operate the other
appliance.
(longer duration + lower intensity) > (higher intensity + shorter duration) Sim-
ilarly, PC04 considered the longer duration of use to indicate higher energy con-
sumption in the fridge-freezer, radiators, and boiler than the higher energy inten-
sity or high activity for a shorter duration in appliances such as the dishwasher,
fan, and washing machine:
there are a few factors. One is whether they are on all the time, or
whether they are just used occasionally. So fridge-freezer uses a lot
because it’s connected all the time, whereas these [dishwasher, fan,
and washing machine] uses a lot when they are in use but they are fine
when they’re on standby. . . And the boiler’s always on, so these one
are high-consuming because they are always on. Whereas the other
ones are intense but in short periods (PC04).
(shorter duration + higher intensity + higher activity) > (longer duration +
lower intensity + lower activity) In contrast, when comparing the consump-
tion of a car against a fridge-freezer, PC07 perceived the high energy intensity
and high level of activity (presumably the amount of movement) of the car to
be more indicative of energy consumption than the longer duration of use of the
fridge-freezer:
the amount of energy that’s being used in the car and what it’s actu-
ally doing is probably more than a fridge freezer to be fair isn’t it, it’s
just hard to compare them. The fridge freezer is obviously on all the
time and is always using power but the car, when it is being used,
uses? I don’t know how many more, more, much more power, dunno
probably five times more power when it’s being used (PC07).
It is not clear how PC07 perceived the car to require much greater energy intensity
to operate than the fridge freezer. She might have been using other cues that
were not apparent in what she said during the interview, perhaps associating
high intensity with high activity.
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(higher activity + shorter duration) > (less activity + longer duration) Appli-
ances that were perceived to be highly active when switched on and appliances
that are switched on or used for a long time were both perceived to be high energy
consumers. PC06 felt that the appliances that are “on pretty constantly” consume
the most energy, mentioning the central heating and the washing machine, which
were two of the top-three in her card sort ranking of appliances. When consider-
ing the fridge-freezer, though: “the fridge and things like that are on all day. I’m
guessing they’d be up there even though you don’t feel like you’re using energy
when they’re on” (PC06). She ultimately ranked the fridge-freezer as consuming
less energy than the central heating, which she said is on only during the winter,
and the washing machine and other appliances that would be used often but not,
as she described the fridge-freezer, “on all day”.
(cooling down + higher usage) > (heating up + lower usage) PC08 was the only
participant who directly contrasted the activity of cooling something down with
that of heating something up. He perceived the fridge to consume more energy
than the cooker because the fridge is on more than the cooker but then added
support to that judgement by using the additional cues of cooling and heating to
cement the relative rankings: “the fridge is constantly on, whereas the cooker is
intermittent. It’s more expensive and it takes more energy to make cold than it
does to make hot” (PC08).
3.3.3.4 Difficulty in resolving contradictory cues
Some participants demonstrated experiencing difficulty in resolving contradic-
tory cues to decide which of the cues was more indicative of higher energy con-
sumption. See Table 3.3 for participants’ rank ordering of appliances by energy
consumption.
(heating food + lower intensity + longer duration) > (heating food + higher in-
tensity + shorter duration) A comment made by PC05 suggested that the pro-
cess of weighing up the relevance of the cues made her doubt the efficacy of
using duration of use as a cue. She was trying to understand the relative energy
consumption of the microwave and the oven. Both appliances heat food, which
would suggest consuming a lot of energy but the microwave does it in a shorter
time, which would usually mean that it consumes less energy. She wondered,
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however, whether her usual rule that longer duration of use means higher energy
consumption was untrue in this context and that the microwave consumed even
more energy than the oven in order to get to the same temperature in a shorter
time. Although she guessed a rank order, she claimed to be able to unable to
decide:
Microwaves tend to only be on for a shorter period of time but then
I’m thinking: does it still consume more energy to be able to cook
things in a shorter space of time? Actually, so I’m thinking: yes,
it’s quicker to use that, which makes me think that the electric oven
consumes more energy because it’s longer. But actually to cook food
quicker, does it actually need more energy? (laughs) I don’t know the
answer to that one! (PC05).
(heating water + lower frequency + larger size) > (heating water + higher fre-
quency + smaller size) PC02 initially decided that the washing machine and
kettle consume similar amounts of energy on the basis that they both heat up
water. However, she then considered the additional cue of the relative sizes of
the appliances. The washing machine is larger than the kettle so the washing
machine must consume more energy because it has to heat up more water than
the kettle. However, she then also considered the frequency of use of each appli-
ance. She ultimately concluded that the larger size of the washing machine was
balanced out by the higher frequency of use of the smaller kettle:
I think [the washing-machine and the kettle] could be similar because
. . . it’s the same, they have to warm water, okay, to heat water. On the
other hand, you have more water to heat . . . in the washing machine.
. . . In the kettle it’s smaller but you use more often (PC02).
Adding more cues with contradictory inferences made her judgement more com-
plex and caused her less certainty.
(larger size + smaller number) = (smaller size + higher number) PC05 also
spent some time considering whether the smaller but more numerous and fre-
quently used mobile phones in her household consumed more or less energy
than the larger, single, and less used tumble dryer:
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I would think the larger appliances would be consuming far more en-
ergy than the mobile phones that are charged daily but then if you’ve
got four of them, being charged daily, then it may be that that is com-
parable to using a tumble dryer daily as well? (PC05).
She ultimately concluded that the large kitchen appliances would consume more
energy than the mobile phones but that lights would consume more than the
appliances “because of the number of lights” (PC05). The cue of the number
of instances was perceived to be both less and more indicative of high energy
consumption depending on the comparison.
3.3.3.5 Ignoring relevant cues to simplify the judgement
The greater complexity and difficulty of judgements when considering additional
cues in inferences of energy consumption suggests that householders who want
to simplify their judgements should restrict the number of cues they consider.
There was some evidence that participants did ignore potentially relevant cues in
some judgements to simplify them.
(high frequency + higher heat) > (high frequency + lower heat) PC03 judged
the tumble dryer to consume more energy than the washing machine. She used
both machines every day so she could not distinguish their energy consumption
based on frequency of use. By considering the additional cue of how much heat
each produced, she was able to differentiate them, as shown in Theme 1.2 when
she said:
I use my tumble dryer pretty much every day and, although I use my
washing machine every day, I don’t think it uses so much energy as
that because I just think a tumble dryer, they’re quite renowned for
being just energy eaters. A washing machine obviously you can put
on a lower setting so you can have your cooler wash so you’re not
using as much energy but with a tumble dryer you don’t really get a
choice (PC03).
She did not appear to consider potentially relevant cues such as the duration of
use, the size, and the amount of movement and noise produced by each appli-
ance. It might be that each of these cues would have been no more useful than
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the frequency of use cue but she did not mention them at all. This suggests that
participants were not necessarily conducting an exhaustive mental inventory of
all the possible dimensions that they could use as heuristics in their judgements.
They were retrieving information about the appliances on the basis of one or two
cues and ignoring any others.
(heating water + larger size) > (heating water + smaller size) When PC08 was
comparing the hot water boiler and the kettle, which both heated water, he differ-
entiated based on the relative sizes of the appliances and the amount of water that
has to be heated: “the fridge and the hot water . . . what you want is to heat and
cool, okay? You are doing the same with the kettle as well but on a much smaller
scale” (PC08). He did not seem to consider the difference in temperatures being
raised by the two appliances (typically 60+°C2 for the hot water boiler but 100°C
for the kettle), and did not mention how much each was used (neither frequency
or duration). Again, he seemed to keep the judgement as simple as possible and
just considered cues that would help him infer the energy consumption of each
appliance enough to be able to make a judgement about which consumes more.
(smaller size + higher frequency) > (larger size + lower frequency) PC05 made
a similar comparison between the hair dryer which is small but used frequently
and the washing machine which is large but used less frequently:
hair dryer is used not just daily but, with two teenagers, it’s used sev-
eral times a day. But for some reason I’ve associated that with not as
much usage [consumption] as some of the big appliances, because it’s
smaller? That’s probably completely wrong but, because it’s smaller,
but then the usage on that is much higher (you know, my daughter
dries her hair most days, I do). . . So it may be that actually even though
it’s a smaller appliance, the usage means that actually it’s costing me
probably maybe more than the washing machine (PC05).
Again, other dimensions (e.g. the amount of heat produced by the washing ma-
chine versus the hair dryer; the duration of use of each appliance) were ignored.
Even the small number of dimensions that she did consider made the judgement
complicated enough that she was uncertain about her answer.
2http://www.hse.gov.uk/legionnaires/things-to-consider.htm
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3.3.3.6 Summary and implications of Theme 2
Participants inferred the energy consumption of appliances using the cues iden-
tified in Theme 1 (see Table 3.5) but often made inferences based on more than
one cue at once. When the inference of each cue was the same, judgements were
straightforward. However, when inferences from each cue were contradictory,
participants had to resolve the contradictions by deciding which cue was a better
indicator of energy consumption and a more appropriate basis for the judgement.
The judgements discussed suggest that participants tended to judge the amount
the appliance is used (or switched on) as being more indicative of the energy con-
sumption of the appliance than the intensity of energy required by the appliance
to operate. This might well be the case but would need to be tested more sys-
tematically to conclude whether participants’ choices between conflicting cues
are predictable. This increased complexity when considering multiple cues in
a judgement corresponds with the “less-is-more” effect proposed by Gigerenzer
and Goldstein (1999) and discussed more recently by (Gigerenzer & Gaissmaier,
2011). According to the less-is-more effect, people make judgements using as lit-
tle information as they can and, contrary to more “rational” models of making
judgements, increasing the amount of information used (under some conditions)
can actually make the judgement worse rather better. While it is not necessarily
the case that less information is better than more in energy consumption judge-
ments, it does seem to be the case that additional cues (sources of information)
add complexity and potential difficulty and effort to the judgement. Van den
Broek (2016) found that her focus group participants reported using an average
of almost three cues per judgement, though she speculated that this was unlikely
because of the additional complexity it would cause. The judgements observed
in the interviews in the present study were based on just one, two, or (at most)
three cues. It is possible, though, that participants in the interview and focus
group context considered their judgements more carefully than they might have
done in a quicker, everyday judgement (see Newell, 2005; Payne et al., 1993) and,
therefore, did actually use more cues even though it made their judgements more
complex. By making the judgement on as few cues as possible, householders can
save effort (Shah & Oppenheimer, 2008).
Possibly to simplify the complexity of using multiple cues, some participants
seemed to ignore potentially relevant cues in some judgements. The example of
PC02 working through their judgement processes demonstrated explicitly how
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a person might need to discard the initial cue and select a new one. The initial
cue of heating up water did not provide provide enough differentiation between
the energy consumption of the kettle and washing machine. This process corre-
sponds with the elimination models of judgement, like Elimination By Aspects
(Tversky, 1972) and Categorization By Elimination (Berretty et al., 1999), which
say that people try to differentiate between two choices on the basis of as few
features of the options as possible. If the first feature does not differentiate be-
tween the two choices, they select a second feature, and so on until they find a
feature that differentiates and then they make a choice based on that feature (see
Section 2.6.3 in Chapter 2). However, PC02 then got confused because she added
two cues (frequency of use and size), not one, and the two cues contradicted each
other: high energy consumption could be inferred from both the larger size of
the washing machine and the higher frequency of use of the kettle, so which cue
should she choose to base her judgement on? According to the Categorization
By Elimination model (Berretty et al., 1999), people select the cues according to
how effective they have been in the past at making similar judgements. Previous
experience of differentiating appliance consumption based on frequency of use
or on size might have led PC02 to consider both of them in the same judgement.
Unfortunately, the contradictory inferences from the two cues added more com-
plexity and difficulty to her judgement, even if the judgement was potentially
more rational and accurate because it considered more of the relevant sources of
information about the appliance energy consumption.
3.3.4 Theme 3: Other difficulties when comparing consumption
Participants mentioned other ways in which judging energy consumption is dif-
ficult, and demonstrated how they tried to overcome the difficulties. Difficulties
included comparing the energy consumption of appliances that used different
types of fuel; using unfamiliar units of energy; comparing appliances that are
typically used within different periods of time.
3.3.4.1 Different fuel types
Participants found it difficult to compare the energy consumption of appliances
that used different types of fuel: “it’s difficult cos trying to get my head round
comparing petrol to electricity” (PC03); “It’s hard to put it into the same category
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as the other things I suppose. Just because it’s a different sort of power that it’s
using. Fact it’s using the petrol to make it go. . . instead of electricity. It is using
electricity but it’s generated by the petrol” (PC07).
To simplify the problem, some participants attempted to mentally convert one
of the appliances to using the same fuel as the other so that they could then make
a like-for-like comparison of the two appliances. PC03 attempted to consider
the relative rates of energy consumption of a car and electric heater if both were
powered by petrol (using a petrol-fuelled electricity generator for the heater):
the function’s so different, the energy is so different. If I had for ex-
ample a generator, I might be able to think about and compare how
much does a generator run something. . . . Probably an electric heater
would drain quite quickly. And if I have my car last week, I think I
drive it for a couple of hours a day, so maybe quite similar actually in
how they would drain. That’s how my brain works: . . . if you were to
power a generator with petrol or whatever you use, how quickly an
electric heater would drain it. Probably if you were using it for two
hours a day, quite quickly actually. (PC03).
PC07 tried a similar approach to considering the relative rates of energy con-
sumption of a smoke alarm and an electric shower if they were both powered by
batteries: “when I had batteries in the smoke alarms it lasts for ages and if I was
to put batteries in my shower I don’t think I would get an awful [large] amount
of showers out of it” (PC07).
Although comparing across different fuel types was seen as problematic, some
participants took advantage of the situation to help them infer the energy con-
sumption of certain appliances. Most appliances are electrical and only the cen-
tral heating and hot water (and the hob in some households) use the gas supply.
This means that the gas bill represents the use of only 2-3 appliances compared
with the 50 appliances in the average household that are represented by the elec-
tricity bill (BEIS, 2017a). Participants attempted to infer the proportion of energy
consumed by central heating and water heating (gas) versus appliances (electric-
ity): “I sort-of know how much my gas heating because I get a bill” (PC05) but
she was still not able to distinguish between water heating and room heating: “I
don’t really know what that split is. If my water was heated by electric and my
heating by gas, I’d have a clear split but . . . I wouldn’t even know what the split
is for heating water and heating the radiators” (PC05). PC08 went a step further
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and worked out how to roughly separate the central heating energy consumption
from the water heating energy consumption. While the energy consumption of
heating hot water was perceived to be similar all year round, variation in the gas
bill in the winter months could be used to infer the relative increase in energy
consumption due to the central heating:
the heating must be by far the biggest element because if you think
about the gas bills throughout the year. So the gas is basically used
for the heating, the hot water, and the hob, okay? It’s the only places
it’s used for. The hob is a low constant use, the hot water is a constant
use, whereas the heating is a seasonal use, okay? And I don’t know
the figures but I know that approximately my winter usage for the
winter bill is probably in the order of four or five times my summer
usage, okay? The only difference can be heating (PC08).
Participants found it difficult to compare the energy consumption of appli-
ances across fuel types. Some attempted to mentally convert one of the appliances
to use the same fuel as the other to make the comparison easier. Some were able
to use the separation of appliances by fuel types to help them infer the energy
consumption of some of the appliances.
3.3.4.2 Unfamiliar units of measurement
Participants tended not to use scientific units to quantify energy consumption,
even though some mentioned them. Instead, when referring to units at all, they
tended to use financial units: “I pay £36 for a gas bottle, where if I kept the cen-
tral heating going, it would cost me in the region of £50, £60.” (PC10). PC08
used money as a common unit across different fuels but accounted for the high
amount of tax he perceived to be included in the cost of petrol versus gas (which
he perceived not to include any tax). By accounting for the proportion of tax, he
perceived that he could estimate the proportion of energy that the money was
paying for for each appliance: “I probably spend as much on fuel for my car as I
do for heating for the house, and I’m guessing a large proportion of that will be
tax, which is why I’m saying energy is gonna be less” (PC08).
PC09 agreed that a common unit would be useful:
it’s just a thought that occurred to me: if the man on the omnibus
thought of energy as a unit and it didn’t matter what form it came in,
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he may be a bit more conscious what he uses. He thinks of gallons of
fuel. He [gets] gas bills and electric bills but he doesn’t ever compare
them. They’re separate entities. (PC09).
However, PC10 captures the problem with relying on cost to inform how
much energy has been consumed: “my bills are telling me I use more only be-
cause the price has gone up more” (PC10). She complained that she could not
infer whether changes she made in using household appliances actually made a
difference to how much energy she consumed because she used the cost as a unit
of measurement: “one minute they’re up, prices are up, one minute they’re down.
. . . So even though I have cut down and cut down and, you know, it doesn’t to
seem to have really made that much of an impact” (PC10).
The most used unit of measurement when making judgements about energy
consumption was money. This might have been partly because financial units
are common across fuel sources, including electricity, gas, and car fuel, and make
comparisons easier (Kempton & Montgomery, 1982). It is likely to be also because
money is more familiar and easier to understand; most people, though aware of
the scientific unit kWh, don’t really understand it (Wood & Newborough, 2007).
3.3.4.3 Different usage periods
The typical duration of using an appliance varies greatly depending on the ap-
pliance. For example, a kettle boils water in approximately three minutes while
a washing machine cycle can typically vary between 30 minutes and 90 minutes,
depending on the wash settings used. Similarly, the typical frequency of use of
a kettle might be daily or multiple times a day, while a washing machine might
be used three times a week, a lawnmower just once a month in the summer, and
the central heating daily but only the winter. Making comparisons of energy
consumption between appliances that have different typical usage periods is dif-
ficult.
To simplify the problem, some participants tried to use a common usage pe-
riod that was applicable to both appliances in the comparison. For appliances
that are used only a few times a year or appliances that are used only at certain
times during a year, participants tended to judge their energy consumption for
the year: “It depends what period you take it over but say over 12 months that
one’s [heating] going to be much bigger.” (PC09); “in my head I was annualising
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it as well, so the gas barbecue will get used maybe four or five times a year. What
I’m guessing, when it does get used it uses up quite a lot of propane” (PC08).
Judging energy consumption for a full year was a useful strategy for PC01 when
comparing his weekly use of the car with his infrequent use of the train: “So if I
use the car once a week, what’s that? About 52 times a year. How many times do
I use a train? Five times? . . . say a car journey’s a 25th of a train journey . . . then
I’d say relatively it’s twice [as much energy as the car]” (PC01).
Another way to simplify the comparison was to consider the hypothetical con-
sumption of the appliances if they were both used for the same period of time,
even if that period of time was not actually realistic for both appliances: “If they
were both on for the same amount of time, every day then . . . I would say prob-
ably lighting the house would be twice as much as the TV, for the same period
of time” (PC06); “I would say when they were both on that the oven uses about
four times more than the lights” (PC07); “I know it only lasts for a very short time
but if I was to run it the same amount as my iron which is a good hour, yeah the
kettle would use a lot more” (PC10).
Different appliances have different typical usage periods. When comparing
appliances with different usage periods, participants either found a common us-
age period that made sense for both appliances, or they tried to imagine con-
sumption over the same period of time, even if it was not realistic.
3.3.4.4 Summary and implications of Theme 3
In addition to the complexities discussed in Theme 2, participants demonstrated
other difficulties experienced when judging energy consumption. These other
difficulties were mainly around making comparisons between appliances that
differed in significant ways: comparing across different fuel types and compar-
ing across different typical usage periods. Participants also suggested difficul-
ties with using unfamiliar units of measurement. In each case, some partici-
pants attempted to simplify the problem by looking for common factors that both
appliances in the comparison shared. It would be necessary for more system-
atic research to explore whether all householders perceive these difficulties and
whether all householders are then able to simplify the problems by identifying
common factors across both appliances.
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3.4 Discussion
Three themes were constructed using thematic analysis to capture how partici-
pants inferred and compared the energy consumption of appliances and the com-
plexities they faced in making the judgements.
3.4.1 Summary of the findings
Theme 1 identified three types of cues (sources of information) used by partici-
pants to infer the energy consumption of the appliances that they discussed dur-
ing the interviews: the amount that the appliance was used (frequency, duration,
and number of simultaneous uses); the amount of activity perceived in the ap-
pliance (heating something up, cooling something down, producing noise, pro-
ducing movement); the physical characteristics of the appliance (size, age, and
perceived energy intensity). Table 3.5 summarises the cues used by participants
to infer high and low energy consumption of the appliances discussed.
Table 3.5: Cues from which participants inferred high and low energy consumption of
household appliances in Study 1.
High energy consumption Low energy consumption
Frequently used Infrequently used
Long duration use Short duration of use
Number in use Few or just one in use
Heats up No temperature change
Cools down No temperature change
Produces noise Quiet or silent
Produces movement Little or no movement
Large size Small size
Old New
High energy intensity Low energy intensity
Theme 2 identified the complexities of participants trying to infer energy con-
sumption from more than one cue at once, especially when two cues lead to con-
tradictory inferences. The theme demonstrated how participants tried to keep
judgements simple by using as few cues as possible, even ignoring potentially
relevant cues. The participants in the interviews were clearly aware that there
are many relevant factors when modelling the amount of energy consumed by
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household appliances. There were several judgements in which participants demon-
strated the use of multiple cues, which added complexity to the judgement.
Theme 3 provided examples of other difficulties that participants came across
when trying to compare the energy consumption of appliances. They found it
difficult to compare consumption of appliances when they consumed different
types of fuel and when the appliances operated for different typical durations.
Some tried to make this simpler by making comparisons with common fuels or
common time periods. They also avoided using scientific units in favour of finan-
cial units (pounds) as a common unit of comparison, as previously observed by
(Kempton & Montgomery, 1982). Theme 3 was reported in order to demonstrate
some of the other complexities involved in making energy consumption judge-
ments and how participants tried to simplify their judgements in other ways as
well as using heuristic cues. However, because it does not relate directly to the
use of heuristic cues, it is not explored further in this thesis.
3.4.2 Implications for energy perceptions research
The cues identified in Theme 1 include some that have been found in previous
studies (e.g. size, duration of use). Other cues, not previously identified in other
studies, were also identified in Theme 1 (e.g. heat produced, perceived energy
intensity, age, noise produced, movement produced). A similar qualitative study
(using focus groups instead of interviews) that was independently conducted at
around the same time also identified the heat produced and perceived energy
intensity cues (van den Broek, 2016). Even though no other studies in the litera-
ture had previously reported use of the heat cue, in a qualitative study of energy
monitor use, Kidd and Williams (2008) reported that participants learnt that ap-
pliances that produced heat required the greatest energy intensity to operate. It is
possible that previous studies had not reported the heat cue because awareness
of the relevance of heat to energy consumption might have changed in recent
years. The consistency of the findings with the literature provides support for the
findings of the present study and for the approach of taking a more qualitative,
exploratory approach to identifying cues. Some of the cues identified in Theme 1
are explored further in quantitative tests in Chapter 4.
Participants’ continued selection of cues in some judgements corresponded
with models of heuristic judgements in the literature. Participants considered
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additional cues, one at a time, if they could not distinguish between the energy
consumption of two appliances based on the first cue (e.g. both appliances pro-
duce heat so consider their frequency of use as well). This corresponds with the
elimination models of judgements which predict that people use as few cues as
possible and consider them one at a time until they can make a judgement, at
which point they stop (even if further consideration of other cues might change
the judgement) (Berretty et al., 1999; Tversky, 1972). This also corresponds with
the conclusions of Schuitema and Steg (2005) who found that only one of their
six tested cues was used by their participants in judgements. A rational model of
energy judgements would predict that participants consider all the relevant cues
at once and weigh them up before making a judgement (Shah & Oppenheimer,
2008). However, most of the time this did not appear to be the case; in some
examples, participants were clearly ignoring potentially relevant cues.
Sometimes, participants had to consider more than one cue at once in a judge-
ment. When this happened, they had to weigh up which of the cues was most
indicative of energy consumption before they could complete their judgement.
Each additional cue considered at the same time in a judgement added complex-
ity (and sometimes confusion) to the judgement, suggesting that less information
might lead to better judgements, or at least easier judgements, most of the time
(Gigerenzer & Gaissmaier, 2011). Newell (2005) and Payne et al. (1993) suggested
that people spend more or less effort on judgements according to the context,
the task, the individual. It is possible that participants in the present study were
encouraged to spend more effort on the judgements than they would otherwise
in their daily lives because of the context of the interview. While the interviews
were useful for identifying the cues used, further research would need to sys-
tematically explore when and how many of the cues are used in specific contexts,
including understanding in what situations certain cues are perceived to be more
influential than others.
It was not clear whether participants were only using the cues they mentioned
and ignoring others, even if relevant, or whether they were implicitly using ad-
ditional cues that they did not mention or they might not even have been aware
of. For example, in Section 3.3.3.1 in the first judgement by PC05, she mentions
size and duration of use, while in the second judgement she mentions heating
up and duration of use. Yet, in the second judgement it seems possible that she
is actually considering size as well but that the size of the appliance is much the
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same for the three appliances she is considering. She could be inferring that large
kitchen appliances that produce heat and are used for longer durations of time
consume more energy. This question of whether participants are actually consid-
ering additional cues that they are not aware of or just do not mention is relevant
throughout the whole of this analysis and is acknowledged as a limitation of the
method.
Previous quantitative research had emphasised the importance of size as a
cue in participants’ judgements (Baird & Brier, 1981; Schuitema & Steg, 2005). In
the present interviews, while most participants mentioned or implied that they
used size to some extent, they often seemed to use it in conjunction with other
cues, rather than by itself. For example, although PC06 emphasised the size of
her car when first writing it down on a card, when she was actually inferring the
consumption of the car, she talked about its usage as well. It is, of course, possible
that in making a snap decision about the car’s consumption, she would have
based her inference solely on its size but when given time to think and discuss it
in the interview context she considered other cues.
Some cues seemed to be combined with other cues that were then used to infer
energy consumption. For example, two participants also explained that they used
size to infer the amount of water, air, or food that needs heating up and, therefore,
the amount of energy needed to produce that heat. Although Schuitema and
Steg (2005) concluded that size was very clearly used on its own to infer energy
consumption of appliances, it actually seems that making inferences about energy
consumption is more complicated than that. Multiple cues can be involved, as
Baird and Brier (1981) speculated might be the case, perhaps even to infer other
cues that are then used to infer energy consumption.
The findings presented in Theme 2 correspond with findings by van den Broek
(2016) whose participants claimed to be aware of using nearly three cues in each
judgement. Although she concluded that this was unlikely to be the case (for rea-
sons of complexity), the findings from the present study suggest it might be the
case, at least sometimes. Some participants in Kidd and Williams (2008)’s quali-
tative study on use of energy monitors were surprised by spikes in consumption
by appliances such as kettles, electric showers, and hair dryers, yet some (maybe
the same people; they did not say) recognised that the amount of time that the
appliance is on or in use is also important. It seems that householders recognise
the complexity of making judgements about energy consumption. It makes sense
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then that they try to save effort by simplifying their judgements with heuristic
strategies, but it seems they are sometimes torn between wanting to make more
“rational” judgements (including as much relevant information as possible) and
making more heuristic, simpler judgements (ignoring as much information as
possible).
3.4.2.1 Representative sampling
The participants in the present study were householders (mainly home-owners)
who lived in a large village near to the researcher. This ensured that it was pos-
sible to schedule and conduct the interviews around part-time employment over
a period of three months. As householders rather than university students, the
study was fairly representative of UK householders because they were mainly
home-owners or longer-term renters than students typically are, and they were
fully responsible for paying energy bills, which students in university accommo-
dation tend not to be. There are obviously limitations on its representativeness,
however, in that the participants were all white, living in a semi-rural village, and
appeared reasonably well educated and engaged in thinking about energy con-
sumption. The sample was not nationally representative and further interview
studies would need to be conducted with different demographics to establish
whether the findings are generalisable to the UK population.
3.5 Conclusion
Householders use a range of cues (sources of information) from which they infer
the relative energy consumption of appliances, including the amount of time the
appliance was on or in use (duration, frequency, number of simultaneous appli-
ances in use), the amount of activity produced by the appliance (heating some-
thing up, cooling something down, making noise, making movement), and the
characteristics of the appliance itself (size, age, energy intensity required to oper-
ate). The cues identified corresponded with or extended findings from previous
studies in the literature.
While some inferences could be made using a single cue, participants were
aware that other cues were relevant and sometimes made inferences based on
more than one cue. Increasing the number of cues used in inferences, however,
Chapter 3. Exploring Perceptions of Energy Consumption (Study 1) 102
increased the complexity of the judgement. When multiple cues led to contra-
dictory inferences about the consumption of an appliance, participants had to
resolve the contradiction by deciding which cue was most influential on energy
consumption before they could make the judgement. Participants tended to use
a maximum of three cues in a judgement, even if that meant ignoring potentially
relevant other cues.
The studies reported in the next two chapters of this thesis start to explore
testing the use of selected cues by larger samples of people so that the findings
can be made more generalisable.
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Chapter 4
Quantifying the Heuristic Energy
Consumption Cues (Study 2A)
4.1 Introduction
The quantitative study reported in this chapter tests for the use of a selection of
the cues that were identified in the qualitative study reported in Chapter 3. Cues
are the sources of information that householders use to infer the amount of en-
ergy consumed by their household appliances. Estimating the energy consump-
tion of appliances is often a complex judgement to make. Householders appear
to use heuristic processes like feature substitution (Kahneman & Frederick, 2002)
to reduce the amount of time and effort that would be required to make an en-
tirely rational judgement based on weighing up all of the relevant information.
Using feature substitution, householders can save effort by using as few cues as
possible and, therefore, having less information to weigh up before making the
judgement (see Chapter 2). The qualitative study reported in Chapter 3 identi-
fied several known and new cues that householders in the study used to infer the
energy consumption of appliances. The quantitative study in this chapter uses a
simple correlational study design from the heuristics literature (e.g. Kahneman &
Frederick, 2002; Kahneman & Tversky, 1996) to quantitatively test whether peo-
ple potentially use some of the cues in energy consumption judgements.
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4.1.1 Size, usage, and heat production as cues
Size is the most reported cue in previous qualitative and quantitative studies
(Baird & Brier, 1981; Chisik, 2011; Schuitema & Steg, 2005; van den Broek, 2016).
Size was found to be a commonly used cue in the qualitative interview study re-
ported in Chapter 3 and by van den Broek (2016) in her qualitative focus group
study. While the perceived size of appliances has been shown to be strongly re-
lated to the perceived energy consumption of appliances in quantitative studies
(Baird & Brier, 1981; Schuitema & Steg, 2005), the correlation coefficients (the ef-
fect sizes) significantly vary between the studies. Size was selected to be included
in the present study to ascertain the size of the correlation coefficient relative to
that found in previous quantitative studies and, as a cue known to correlate with
energy consumption, as a reference point for testing the other cues in this study.
The amount of heat produced by the appliance was considered important by
participants in both the interviews and in van den Broek (2016)’s focus group
study so it was also tested in the present study.
The amount that the appliance is used was mentioned by all participants in
the interview study (Chapter 3), and has been mentioned prominently in previ-
ous qualitative studies (Chisik, 2011; van den Broek, 2016). It has not, however,
been previously quantitatively tested. The most similar cue that has been quanti-
tatively tested in a previous study is the cognitive accessibility cue, which was a
combination of measuring the number of self-reported interactions with the ap-
pliance and number of times the participants thought about the appliance (Schley
& DeKay, 2015)—not quite the same cue as the duration and frequency cues iden-
tified in Chapter 3. In the present study, the self-reported usage of the appliance
(duration or frequency, depending on the cue being estimated) by the partici-
pant’s household was requested because it is unlikely that they would know how
other households use the appliances. Participants in the interviews often distin-
guished clearly between the frequency of using an appliance and the duration of
using it so the two cues were tested separately in the present study.
Together, the cues of duration of use, frequency of use, heat produced, and
size represent the three sub-themes of cues that were defined in Theme 1 of the
thematic analysis in Chapter 3.
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4.1.2 Feature substitution and the heuristic elicitation design
As described in Chapter 2, feature substitution is a heuristic process that enables
people to save effort when making judgements by reducing the number of cues
and, therefore, the amount of information used to make the judgement. The as-
sumption in this thesis, and in the energy perceptions literature, is that people
cannot accurately judge the energy consumption of appliances without spending
a lot of cognitive effort and time (and perhaps find it too difficult even then). In-
stead, they use cues, such as the size of the appliance, that they associate with
energy consumption. The degree to which an appliance conforms to the cues
is used to infer its energy consumption. For example, if a washing machine is
considered to be representative of a large appliance and high-energy-consuming
appliances are perceived to be large, the washing machine is inferred to consume
a large amount of energy. Conversely, if a kettle is considered to be less repre-
sentative of a large appliance (it is maybe perceived to be about a quarter of the
way along a scale from small to large), the kettle is inferred to consume a smaller
amount of energy (its perceived position on the scale of size is mapped to the
same point on the scale of energy consumption). This mapping of one scale (e.g.
size) to another (e.g. energy consumption) is the process assumed to underlie
feature substitution (Kahneman & Frederick, 2002).
Feature substitution is most simply tested using the heuristic elicitation design
(Kahneman & Frederick, 2002). According to the heuristic elicitation design, one
group of participants estimates the energy consumption of the set of appliances
and another group of participants estimates the size of the same appliances. The
average size estimates are then correlated with the average energy consump-
tion estimates. A strong positive correlation is interpreted as showing that both
groups of participants are probably responding to the same feature of the appli-
ances. Because it is unlikely that participants know the energy consumption of all
the appliances but can probably fairly accurately judge the size of the appliances,
a strong positive correlation is interpreted as size being used as a proxy for energy
consumption. That is, the group of participants who are asked to estimate energy
consumption are actually giving estimates of the size of the appliances, without
necessarily knowing that they are making the substitution. Because the heuristic
elicitation design is a between-participants study design, the correlation cannot
be explained by participants in one group being aware of the researcher’s inten-
tions when asking them to estimate either the size or the energy consumption of
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the appliances (Kahneman & Frederick, 2002; Kahneman & Tversky, 1996).
Of course, because the estimates come from different groups of participants,
the results cannot be interpreted in terms of underlying cognition. The relation-
ship between the size and energy consumption estimates, is statistical rather than
psychological because only the average of participants’ estimates is correlated
and the estimates are from two different groups of participants (Nickerson, 1995).
It is not possible to infer that any one participant in the study perceived a strong
association between the size and energy consumption of the appliances, or even
that they actually substituted one feature for another. However, this method of
correlating the estimates enables a relatively quick and simple test of whether
there a strong relationship between the average estimates of the size of the appli-
ances and average estimates of the energy consumption of those appliances.
The between-participants heuristic elicitation design is used in the study re-
ported in this chapter as recommended by Kahneman and Frederick (2002) when
testing for feature substitution. However, because previous studies in the litera-
ture (Baird & Brier, 1981; Schuitema & Steg, 2005) used a within-participants vari-
ant of a similar study design, the difference between using a between-participants
and within-participants design for testing feature substitution is evaluated in a
follow-on study reported in Chapter 5.
4.1.3 Hypotheses
The following one-tailed hypotheses were tested in the present study:
1. The average estimated size of the appliances will positively correlate with
the average estimated energy consumption of the appliances.
2. The average estimated amount of heat produced by the appliances will pos-
itively correlate with the average estimated energy consumption of the ap-
pliances.
3. The average self-reported frequency of using the appliances will positively
correlate with the average estimated energy consumption of the appliances.
4. The average self-reported duration of using the appliances will positively
correlate with the average estimated energy consumption of the appliances.
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4.2 Method
An online heuristic elicitation design study was conducted to test whether the av-
erage estimates of size and heat production of a set of appliances, and the average
self-reported duration and frequency of the appliances, correlated with average
estimates of the energy consumption of the appliances.
4.2.1 Participants
Participants were recruited online using social media and a university recruit-
ment system. Undergraduate Psychology students received a course token for
participation; no other incentive was offered. Each participant was randomly
allocated by the web-based survey software to either the between-participants
energy group, size group, heat group, duration of use group, frequency of use
group, or to the within-participants group (see Chapter 5). The within-participants
dataset are not mentioned further in this chapter.
One participant in the between-participants size group was not included in
the analyses because they did not complete the tasks. Another participant was
removed from the same group after initial analyses when it became clear that
they had not engaged in the tasks and had missed out (or estimated as zero) an
unusually large number (up to 13) of appliances compared with other partici-
pants.
After removing these participants, 140 participants’ data were analysed (27 in
the energy group, 26 in the size group, 29 in the heat group, 28 in the duration
of use group, 30 in the frequency of use group). Fifty-four percent of participants
were female. The participants were recruited mainly through social media (69%,
mainly Twitter and Facebook), and a university recruitment system (29%). Fifty-
four percent were employed or self-employed; 31% were students; the remainder
were retired, long-term sick or disabled, or looking after the home or family.
4.2.1.1 Ethics
The study was conducted in line with the requirements of the University of Sur-
rey ethics at the time. A University of Surrey self-assessment ethics form (SAFE)
was completed with receipt number 160708-160702-11159301 on 2016-01-11 10:58:32
GMT (see Appendix B).
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4.2.2 List of appliances
Power calculations (Mayr, Buchner, Erdfelder, & Faul, 2007), based on effect sizes
from the literature (Baird & Brier, 1981; Schuitema & Steg, 2005) showed that a
sample size of 8–25 appliances would be required for an effect size (rs) of .9–.6
(the appliances were to be the unit of analysis, or cases, so the relevant sample
size was the number of appliances rather than the number of participants). It
was important, however, to include enough appliances to represent a range of
energy consumption quantities and sizes and to ensure variation in participants’
responses. An initial pilot study included 44 appliances but participants com-
plained that was too many on mobile phone screens. A subset of 30 appliances
(see Table B.1) was selected, giving a sample size of n = 30. The appliances were
taken from a list of the energy-consuming appliances that were mentioned by
interviewees in Study 1. See Table A.1 for the full list of appliances.
4.2.3 Procedure
Participants were invited to participate in a study about the psychology of quan-
tity to avoid them wondering why they were being asked to estimate various
characteristics of household appliances. The procedures for participants in all
groups were almost identical. Participants estimated just one of the following
characteristics for each of the appliances: energy consumption, size, heat pro-
duced, duration of use, frequency of use. Although participants could skip ap-
pliances, they were prompted to estimate any that they had missed before con-
tinuing. Participants took an average of 6.08 minutes (SD = 5.90) to complete the
task.
Participants were asked one of the following questions depending on the
group they were randomly allocated to at the start of the study:
• “Use the sliders to indicate how much energy you think each object1 uses
in the average UK household in 1 year, where 100 is the object that uses
the most and 0 is the least.”
1The word “object” was used in this study as a generic term to describe the various different
appliances and devices presented. Although a slightly awkward term that is not used in the rest
of the thesis, it did not appear to cause any problems of task comprehension.
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• “Use the sliders to indicate the size of these objects, where 100 is the
largest object and 0 is the smallest.” (It was not specified whether size
meant volume or area because the aim was to obtain participants’ quick
impressions rather than calculated sizes.)
• “Use the sliders to indicate how much heat is produced by each object in
a year, where 100 is the object that produces the most and 0 is the least.”
• “Use the sliders to indicate how long (the duration) each object is used for
in your home in a year, where 100 is the object that is used for the longest
amount of time and 0 is the shortest. If you have more than one of any
object, just answer for the one that is used the most.”
• “Use the sliders to indicate how often (how frequently) each object is
used in your home in a year, where 100 is the object that is used the most
often and 0 is the least. If you have more than one of any object, just answer
for the one that is used the most.”
Participants indicated their estimates by moving a slider along a scale with
the minimum value of 0 and the maximum value of 100 (starting position = 0).
Participants were requested to “Answer as quickly as you can and just say what
you think. Don’t worry about being right or wrong.” to discourage them from
doing online research or explicitly calculating their response.
Identical scales (0—100) were provided for all estimates because participants
in the energy group were not expected to know the absolute energy consumption
in kWh of the individual appliances (Attari et al., 2010; Kidd & Williams, 2008).
Similarly, participants in the heat group were not expected to know the absolute
amount of heat produced. The aim was to avoid participants trying to explicitly
calculate their responses. Providing an upper bound to the scale meant it was not
necessary to provide a reference point against which all participants should make
comparisons (Kahneman & Frederick, 2002) and which could have artificially an-
chored participants’ estimates (Attari et al., 2010, 2011; Frederick, Meyer, & Mo-
chon, 2011; Schley & DeKay, 2015). Frederick et al. (2011) showed that choice
of reference point probably varies between people when estimating energy con-
sumption and that artificially constraining the reference point can influence the
size of the correlation. Participants were expected to make their estimates relative
to other appliances so the appliances were displayed in a random order for each
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participant, leaving participants free to choose their own reference points whilst
being constrained to responding on the 0—100 scale.
As in the study by Schuitema and Steg (2005) (see also Schley & DeKay, 2015),
participants were asked to judge annual energy consumption instead of hourly
energy consumption as requested by Baird and Brier (1981, Experiments 2 & 3).
In previous interviews, several participants emphasised the importance of con-
sidering seasonal variation and standby usage of appliances when estimating en-
ergy consumption. Annual estimates were requested to smooth out perceptions
of varying usage of the appliances and to avoid uncertainty around responding
for, say, summer versus winter usage.
After completing the estimation tasks, all participants were asked to complete
some demographics questions.
4.3 Analysis
To prepare the dataset for analysis, the data were transposed so that the cases
(rows) were the appliances and the variables (columns) were the responses to
each question by each participant. The median estimates for each group were
correlated for each appliance using a Spearman’s Rho test. The non-parametric
test was most appropriate because a Kolmogorov-Smirnov test showed that the
size estimates were not normally distributed (Denergy[30] = .05, p = .200; Dsize[30]
= .19, p = .009; Dheat[30] = .11, p = .200 ; Dfrequency[30] = .07, p = .200 ; Dduration[30]
= .08, p = .200) and so violated parametric assumptions. Median estimates were
used instead of means for comparability with Baird and Brier (1981).
4.4 Results and discussion
The average estimate of energy consumption, size, heat production, duration of
use, and frequency of use was calculated for each appliance, and then correlated
with the average estimates of energy consumption. Table 4.1 shows the correla-
tion coefficients and p-values for each correlation.
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Table 4.1: Summary of correlation coefficients between each potential heuristic cue and
energy consumption in Study 2A.
Cue Coefficient (rs) p n
Size .78 .000 30
Heat produced .89 .000 30
Duration of use -.06 .343 30
Frequency of use -.08 .376 30
4.4.1 Size of appliances
As hypothesised, there was a strong, positive correlation between the median
estimates of size and energy consumption (rs = .78, p [one-tailed] = .000; see Ta-
ble 4.1). This suggests that participants might have been estimating the perceived
size of appliances when asked to estimate the perceived energy consumption of
the appliances. It is possible that people use the size of the appliances as a cue to
infer their energy consumption.
Although lower, the correlation coefficient was not significantly different from
the coefficients Baird and Brier (1981) reported (Exp. 2, rs = .91, z = 1.53, p = .063,
Exp. 3, rs = .93, z = 1.9, p = .029). The coefficient is higher than the coefficient
Schuitema and Steg (2005) reported (this will be explored further in Study 2B, see
Chapter 5).
4.4.2 Heat production of appliances
As hypothesised, there was a very strong, positive correlation between the me-
dian estimates of heat production and energy consumption (rs = .89, p [one-tailed]
= .000; see Table 4.1). This suggests that participants might have been estimating
the perceived heat production of the appliances when asked to estimate the per-
ceived energy consumption of the appliances. It is possible that people use the
perceived amount of heat produced by the appliances as a cue to infer their en-
ergy consumption.
No other study has reported quantitative testing of heat production as a cue
to inferring the energy consumption of appliances. This high positive correlation
supports the emphasis by participants on heat as a cue in the qualitative study
reported in Study 1 (see Chapter 3) and in van den Broek (2016)’s qualitative
study.
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As both size and heat estimates correlated strongly with energy consumption
estimates, it is possible that both cues were being used together, as reported in
some judgements in Study 1. An exploratory correlation of the size estimates
with the heat estimates showed a moderately strong correlation (rs = .667).
4.4.3 Duration and frequency of use of appliances
Contrary to the hypothesis, there was no correlation at all between the median
estimates of how long the appliances were used and their energy consumption
(rsduration = -.06, p [one-tailed] = .343; see Table 4.1), nor between the median es-
timates of how often the appliances were used and their energy consumption
(rsfrequency = -.08, p [one-tailed] = .376).
4.5 General discussion
The strong positive correlations between average estimates of size and energy
consumption and between average estimates of heat and energy consumption
quantitatively supports the finding in Study 1 (see Chapter 3) that people use size
or heat as heuristic cues to infer the energy consumption of appliances. While it
is not possible to claim from this between-participants study that participants
actually perceived an association between heat and energy consumption, the as-
sumption of the heuristic elicitation design is that if two sets of estimates corre-
late highly it is because one is being substituted with the other. In this case, when
participants in the energy group were estimating the energy consumption of the
appliances, the strong positive correlations suggest that they were substituting
energy with perceptions of the size or heat production of the appliances instead.
The exploratory correlation between the size and heat estimates suggests the two
features might even be used together to infer energy consumption or, as was sug-
gested in Study 1, the perception of size was used to infer heat production, which
was in turn used to infer the energy consumption.
Size is, then, still perceived as relevant to estimates of energy consumption 35
years after Baird and Brier (1981)’s original research. It is reasonable that house-
holders might use it as a heuristic cue because it produces a reasonable relative
judgement of the energy consumption of appliances most of the time (Baird &
Brier, 1981; Schuitema & Steg, 2005) so it is useful.
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Heat has been identified as a heuristic cue only recently in Study 1 of this
thesis and by van den Broek (2016). The strength of people’s perceptions that
heat is relevant to estimates of energy consumption makes it surprising that it
has not been identified sooner. It might just be that previous researchers did
not think of testing heat as a cue and the qualitative methods used in Study 1
of this thesis and by van den Broek (2016) were more open to identifying cues
from participants’ perspectives. It is also possible that householders in the UK
have generally become more aware of heat-related energy policies, such as the
new, more efficient, condensing boilers that are now installed instead of older
less efficient types of boilers (59% of UK households had an efficient, condensing
boiler in 2015, compared with 5% in 2005; BEIS, 2017b, Table 3.19).
The absence of any correlation between participants’ estimates of the frequency
or duration of use of appliances and estimates of energy consumption was sur-
prising in light of the universal perception of participants in Study 1 that the more
appliances are used, the more energy they consume. Previous research had also
suggested that usage is relevant to people’s perceptions of energy consumption
(Chisik, 2011). It might be that participants were not sure whether to respond
with time switched on or the usage time. Previous research has identified a spe-
cific “time switched on” cue, when the appliance is consuming energy regardless
of whether the householder is interacting with it, as distinct from a usage cue,
when the householder is interacting with the appliance (van den Broek, 2016).
This distinction was not made in defining the cues identified in Study 1 because
participants were not clear, or not sure, whether they considered an appliance to
be in use when it is switched on and passively consuming energy. Distinguish-
ing between the two in this study might have been useful but it is possible that
participants would still have been uncertain because of the nature of certain ap-
pliances like smoke alarms which can be described both as always in use or never
actively in use, as one participant commented in the present study: “Difficult to
answer how often a smoke alarm and other always-on products are used, as they
are used constantly”.
Another possible reason for the lack of correlation between usage estimates
and energy estimates was the difference in the questions asked of those groups.
The energy, heat, and size groups were asked to estimate the amount of energy
consumed, heat produced, or size of the appliances in general, whereas the us-
age groups were asked specifically about the usage of the appliances in their own
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home. This was to prevent the usage questions seeming too abstract to partici-
pants but it means that the energy, size, and heat questions were about the av-
erage home (and potentially other people) while the usage questions were about
their own household. If participants perceived their own behaviours and energy
consumption differently from those of the average household, this might be why
there was no correlation between the usage estimates and the energy estimates—
they were measuring different perceptions.
The size and heat questions were also potentially slightly different from the
energy question because the energy question explicitly asked about the energy
consumption in the “average UK household in 1 year” whereas the heat question
asking a similar question did not say “average”. It is not clear whether it made
a difference to participants’ responses. As it did not specifically ask for the heat
produced in their own household, it was probably interpreted as being about
the average household but less ambiguous wording would be better in future
research.
4.6 Conclusion
Using the heuristic elicitation design, it was found that participants’ average es-
timates of energy consumption were very strongly correlated with average esti-
mates of the amount of heat produced by the appliances and strongly correlated
with average estimates of the size of the appliances. The lack of correlation be-
tween average estimates of self-reported use of the appliances and average esti-
mates of energy consumption was inconclusive.
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Chapter 5
Correlation Methods in Energy
Perceptions Research (Study 2B)
This chapter is an edited version of the journal article:
Cowen, L., & Gatersleben, B. (2017). Testing for the size heuristic in householders’
perceptions of energy consumption. Journal of Environmental Psychology, 54,
103–115. doi: 10.1016/j.jenvp.2017.10.002
5.1 Introduction
In the quantitative study reported in Chapter 4 (Study 2A), a strong positive cor-
relation was found between average estimates of the energy consumption of a
set of common household appliances and the average estimates of the size of the
appliances. These findings were interpreted as indicative that people potentially
substitute the size of appliances for the energy consumption of the appliances
because size is easier to estimate than energy consumption. This supported pre-
vious findings in the literature (Baird & Brier, 1981; Schuitema & Steg, 2005) that
size is potentially used as a cue to infer energy consumption through the heuristic
process of feature substitution (Kahneman & Frederick, 2002).
The cues were tested using the heuristic elicitation design (Kahneman & Fred-
erick, 2002) which uses a between-participants study design to correlate aver-
age estimates of size with average estimates of energy consumption. Because
a between-participants design was used, it was possible only to conclude that
there was a strong positive correlation between the average size and energy con-
sumption estimates (see Nickerson, 1995). It was not possible to conclude that
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the participants actually perceived an association between the size and energy
consumption of the appliances, nor that they used one to infer the other. The
between-participants design enables a simple test of potential cues that avoids the
possibility of priming and the risk that participants will guess the study hypothe-
ses that is present in within-participant design studies. A within-participants de-
sign would, however, enable a test of whether people actually perceive an associ-
ation between the size and energy consumption of appliances. There is evidence,
however, that the correlational methods for analysing within-participants data to
test this can influence the effect size of the study if there is wide variation be-
tween participants’ responses (Monin & Oppenheimer, 2005; Nickerson, 1995).
The study reported in this chapter, therefore, evaluates the data collection and
analysis options when testing for potential heuristic cues.
5.1.1 Quantifying the use of size in energy judgements
Two previous quantitative studies have reported the apparent use of the size cue
in judgements of appliance energy consumption but they varied in their effect
size and method of analysis. Two sets of quantitative studies found strong pos-
itive correlations between participants’ perceptions of the size of appliances and
their perceptions of how much energy the appliances consumed. The correlation
coefficient (the effect size) in one study (Schuitema & Steg, 2005, r = .67), how-
ever, was significantly smaller than in the others (Baird & Brier, 1981, Exp. 2: rs
= .91, Exp. 3: rs = .93), so it is not clear how strongly people associate the size
and energy consumption of appliances. The two sets of studies collected their
data using a within-participants design but used different methods to correlate
their data. This makes it difficult to compare results across the studies because
the different correlational methods could have influenced the relative sizes of the
correlation coefficients (Monin & Oppenheimer, 2005; Nickerson, 1995).
In the present study, both a between-participants and a within-participants
design were used to test whether the correlation between size and energy con-
sumption estimates varies according to the design. Three different methods of
correlation were used to analyse the within-participants dataset to investigate
whether different methods of correlation produce different results, like those of
Baird and Brier (1981) and Schuitema and Steg (2005). It is important to under-
stand how the different methods that researchers use to conduct such studies
Chapter 5. Correlation Methods in Energy Perceptions Research (Study 2B) 117
can influence their results and, potentially, their conclusions about householders’
mental models of energy consumption.
5.1.2 Testing cues with the heuristic elicitation design
Although Baird and Brier (1981, Experiments 2 & 3) and Schuitema and Steg
(2005) appeared to be testing for feature substitution (the substitution of size for
the energy consumption of the appliances), their studies did not use the heuristic
elicitation design method recommended in the heuristics literature (Kahneman &
Frederick, 2002; Kahneman & Tversky, 1996) to be most appropriate for identi-
fying this type of heuristic. Their methods of analysis also varied, which might
explain why they obtained quite different coefficients. It is important to better
understand whether the study designs influenced the results before further re-
search is done into householders’ perceptions of energy consumption so that fu-
ture study findings can be easily interpreted and compared.
The heuristic elicitation design is a simple method in which the estimates of
one group of participants on one variable are correlated with the estimates of an-
other group of participants on another variable (Kahneman & Frederick, 2002). A
strong correlation is interpreted as indicating that the participants of one group
are actually answering the question asked of the other group, possibly without
even realising that they are substituting the questions. The heuristic elicitation
design method was used in some of the classic heuristics studies (e.g. Kahne-
man & Tversky, 1973, 1982) as well as some more recent ones (e.g. Kahneman,
Schkade, & Sunstein, 1998; Monin, 2003). A defining feature of the heuristic elici-
tation design method is that it uses a between-participants design; Baird and Brier
(1981, Experiments 2 & 3) and Schuitema and Steg (2005) both used a within-
participants design to collect their data.
5.1.2.1 Between-participants versus within-participants designs
The heuristic elicitation design method uses a between-participants design for
data collection so that participants’ estimates are not influenced by either their
previous estimates or by clues to what the study might be about (Greenwald,
1976; Kahneman & Frederick, 2002; Kahneman & Tversky, 1996; Keren, 1993). If
participants who have already estimated the size of the appliances are then asked
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to estimate the energy consumption of the appliances (in a within-participants de-
sign), their energy estimates might be primed by their size estimates (e.g., Strack
et al., 1988). A strong correlation in this case could just reflect priming rather
than any intuitive substitution of one feature for the other. Similarly, partici-
pants who are asked to estimate both sets of features might realise the purpose of
the study and respond differently than if they were unaware. If separate groups
of participants estimate size and energy consumption (in a between-participants
design), any influences come only from the knowledge, experience, and expecta-
tions that they bring into the study from their everyday lives (Greenwald, 1976;
Keren, 1993). It is also slightly more realistic to only be judging one feature or the
other, rather than both variables in succession (Kahneman & Frederick, 2002).
In Chapter 4, the use of size as a cue was tested using the heuristic elicita-
tion design, which uses a between-participants design for data collection and
correlates average estimates for each appliance, the same method of correlation
as Baird and Brier (1981, Experiments 2 & 3). By also collecting size and en-
ergy consumption estimates using a within-participants design, it was possi-
ble to investigate whether the correlation between size and energy consumption
estimates was different when performed on between-participants data than on
within-participants data.
5.1.2.2 Methods of correlation for testing cues
The choice of correlation method used to analyse participants’ responses has been
shown by Monin and Oppenheimer (2005, Study 3) to influence the strength of
the correlation coefficient (the effect size of the study) when there are large in-
dividual differences (see also Nickerson, 1995). Using the heuristic elicitation
design, participants’ estimates are averaged for each appliance across all the par-
ticipants before being correlated. Averaging participants’ data is a common way
to make raw responses more manageable for analysis for both within-participants
and between-participants data. Averaging the estimates means that correlations
between size and energy consumption estimates are of the “average participant”
and hides individual variations in perceptions. Correlating average estimates is
the only way to analyse between-participants data in which there are no intrin-
sic pairings between the two variables being correlated. In within-participants
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data, however, each participant provides estimates of both size and energy con-
sumption for each appliance so there are more ways in which the data can be
correlated.
When Baird and Brier (1981, Experiment 3) analysed their data, they first cal-
culated the average estimate of size for each appliance and the average estimate
of energy consumption for each appliance. They then correlated the average es-
timate of size and the average estimate of energy for each appliance (appliances
were the unit of analysis rather than the participants). Monin and Oppenheimer
(2005), however, found that averaging participants’ ratings before correlating
them led to higher correlation coefficients than if the raw ratings for each item
were correlated per participant and then the coefficients averaged. They anal-
ysed the same within-participants dataset twice: Once by averaging the ratings
before correlating them (r = .52) and once by correlating the ratings per partici-
pant then averaging the coefficients (mean r = .25) (Monin & Oppenheimer, 2005,
Study 3). The difference between the coefficients was not significant (z = 1.71, p
= .0871) and both were significantly larger than zero so the overall conclusion of
the study did not change. The large differences in effect sizes as a result of using
different methods of correlation, however, has concerning implications for how
they might be interpreted by other researchers reviewing the energy heuristics
literature or performing meta-analyses of the results in future.
Schuitema and Steg (2005) took a different approach to correlation. Baird and
Brier (1981) used the same method of correlation as in the heuristic elicitation de-
sign method: they averaged the estimates of size and of energy consumption for
each appliance before correlating them. Schuitema and Steg (2005) treated each
participant-and-appliance combination as an individual case. With 16 appliances
and 60 participants, their analysis contained 1560 cases (16 X 60 = 1560). They
then correlated all the size estimates with all the energy estimates. Each partici-
pant’s size estimate for an appliance was correlated with that same participant’s
energy estimate for the same appliance but, instead of obtaining a separate coeffi-
cient for each participant and then averaging the coefficients, Schuitema and Steg
(2005) obtained a single coefficient in one calculation. The correlation coefficient
they obtained (r = .67), whilst reasonably large in itself, was significantly smaller
1An online tool providing Fisher’s (r-to-z transformation) (Lowry, 2015) was used to calcu-
late the significance of differences between pairs of coefficients. Spearman’s Rho correlations are
Pearson’s correlations using ranked data so it was appropriate to use the same test for both r and
rs (Myers & Sirois, 2004).
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than the coefficients obtained by Baird and Brier (1981, Exp. 2: rs = .91, n = 19,
z = 2.85, p = 0.004, Exp. 3: rs = .93, n = 18, z = 3.27, p = 0.001). There are sev-
eral possible explanations for this difference in coefficient size. For example, they
used different procedures to present the questions to the participants; Schuitema
and Steg used a parametric correlation test instead of the non-parametric test that
Baird and Brier (1981) used; Baird and Brier’s findings could have been outliers
and Schuitema and Steg’s a regression to the mean. It is possible, though, that
the difference in coefficient was down to the method of correlation used. It is
known that when there is wide variation in participant’s responses, correlations
of average responses can inflate the coefficient relative to correlating each partic-
ipant’s estimates separately and then calculating the average coefficient (Monin
& Oppenheimer, 2005; Nickerson, 1995).
In the present study, the within-participants dataset was analysed using three
different methods of correlation. This made it possible to test whether the dif-
ferent methods of analysis led to different correlation coefficients and different
conclusions about the strength of the relationship between people’s perceptions
of the size and energy consumption of household appliances. The method of cor-
relation used also has implications for the conclusions that can be drawn from
the results. Although Baird and Brier (1981) collected their data using a within-
participants design, their method of correlation means that it is not actually pos-
sible to conclude that individual people associated the size of appliances with
their energy consumption. Schuitema and Steg (2005)’s method of correlation
does allow that conclusion but does not fully take into account any individual
differences in the strength of association that participants perceived.
5.1.3 Study overview
It is important to understand better how householders perceive their energy con-
sumption if effective policies are to be designed to to help them reduce household
energy consumption. People use heuristics to help them make judgements and
decisions in their everyday life. Previous evidence has shown that householders
might use the size heuristic to help them judge the amount of energy consumed
by their appliances but the studies varied in their findings and in their methods
used.
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The study in this chapter tested for the use of size as a cue using two dif-
ferent methods of data collection and three different methods of correlation to
investigate whether the method affects the results. Table 5.1 summarises the four
different study designs tested in this paper. The analysis methods are labelled
according to the initials of the authors of the studies from which the method
was taken. For simplicity, the method of correlation used by both Baird and
Brier (1981) and the heuristic elicitation design (Kahneman & Frederick, 2002)
are called the BB analysis, regardless of whether it is used to analyse between-
participants or within-participants datasets.
Table 5.1: Summary of the four study designs tested in Study 2B.
Design Data Collection Data Analysis Source of Method
1 between-
participants
Correlate averaged estimates
across participants (BB analysis)a
Kahneman and
Frederick (2002)
2 within-
participants
Correlate averaged estimates
across participants (BB analysis)
Baird and Brier (1981,
Exps. 2 & 3)
3 within-
participants
Correlate raw estimates
across participants (SS analysis)
Schuitema and Steg
(2005)
4 within-
participants
Correlate raw estimates
per participant (MO analysis)
Monin and
Oppenheimer (2005,
Study 3)
a The heuristic elicitation method (Kahneman & Frederick, 2002) uses the same method of cor-
relation as Baird and Brier (1981, Experiments 2 & 3) used but on between-participants data.
Design 1 tested whether a positive correlation between size and energy con-
sumption would be obtained when data were collected using a between-participants
design—the heuristic elicitation design (Kahneman & Frederick, 2002). This is the
same analysis of the same dataset reported in Chapter 4.
Design 2 tested whether there was a difference in the size of the correlation co-
efficient for data collected using a within-participants design, like Baird and Brier
(1981, Experiments 2 & 3), compared with the data collected using a between-
participants design in Design 1.
Design 3 tested whether the correlation method used by Schuitema and Steg
(2005) would produce a positive correlation in the within-participants dataset and
whether the coefficient was different from the coefficient obtained in Design 2.
Design 4 tested whether the method used by Monin and Oppenheimer (2005,
Study 3) would produce a positive correlation in the within-participants dataset
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and whether the coefficient was different from the coefficient obtained in Design
2.
A final analysis evaluated how closely (or not) participants’ perceptions of
the energy consumption of the appliances matched the actual average energy
consumption of the appliances in UK households. Both the between-participants
and within-participants datasets were analysed and both the BB analysis (used in
Designs 1 and 2) and MO analysis (used in Design 4) were used to correlate the
estimates with the actual consumption data.
5.2 Method
Two datasets were analysed: A between-participants dataset and a within-participants
dataset. Both datasets were collected as described in the study reported in Chap-
ter 4. The between-participants energy consumption and size estimates anal-
ysed in that study were re-analysed in the present study. The within-participants
dataset was analysed in the present study using three different methods of corre-
lation.
5.2.1 Participants
Participants were recruited online as described in Chapter 4. In addition to the
participants removed from the between-participants dataset, one participant from
the within-participants group was removed when it became clear that they had
not engaged in the tasks and had missed out (or estimated as zero) an unusually
large number (up to 13) of appliances compared with other participants. Removal
of the participants did not significantly change any of the coefficients or conclu-
sions so they are not mentioned further in this article2.
The between-participants energy and size groups were described in Chap-
ter 4. In the within-participants group, 30 participants (53% female) were re-
cruited through social media (63%, mainly Twitter and Facebook) and a uni-
versity recruitment system (23%). Sixty-seven percent were employed or self-
employed; 27% were students; the remainder were retired, looking for work, or
long-term sick or disabled.
2Intraclass correlations before removal for the within-participants dataset were .28 for energy
consumption and .59 for size; for the between-participants dataset they were .22 for energy con-
sumption and .58 for size. See the Results section of Design 4 for comparison.
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5.2.2 Study power
In Designs 1, 2, and 4, the household appliances were to be the unit of analysis
(the cases) so the relevant sample size was the number of appliances rather than
the number of participants. Power calculations (Mayr et al., 2007) based on effect
sizes from the literature (Baird & Brier, 1981; Schuitema & Steg, 2005) showed
that a sample size of 8–25 would be required for an effect size (rs) of .9–.6.
5.2.3 List of appliances
The same set of 30 appliances was used in the present study as shown in Table B.1,
giving a sample size of n = 30 in Designs 1, 2, and 4. In Design 3, the initial
sample size was n = 900 because cases were each combination of 30 participants
and 30 appliances (though this was reduced to n = 895 during analysis by listwise
deletion of missing estimates).
5.2.4 Procedure
The procedures for participants in the between-participants and within-participants
groups were almost identical. In the within-participants group, participants es-
timated, in counterbalanced order, both the size and energy consumption of the
appliances, whereas in the between-participants group, participants estimated
either the size or energy consumption (as described in Chapter 4). Participants
in the between-participants energy group took longer to complete the study than
participants in the between-participants size group (Menergy = 6.78 minutes, SDenergy
= 11.60; Msize = 4.81 minutes, SDsize = 1.81). Participants in the within-participants
group took a mean of 7.80 minutes (SD = 3.13) except for one participant who left
the study open in her browser for 4.5 days before submitting her responses.
5.2.5 Actual energy consumption and size data
The “actual” energy consumption data was estimated from the most recently
available official UK energy statistics. The annual tonnes of oil equivalent per
appliance were calculated from Table 3.10 and Table 3.12 of the Domestic dataset
(DECC, 2015). Reliable and internally consistent annual energy consumption
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data could be obtained for only 16 of the 30 household appliances that partici-
pants estimated. The actual size (volume; cm3) of each appliance was obtained
from the online catalogue of a popular UK white goods website (Currys.co.uk).
The actual energy consumption and actual size data were standardised so that
the highest consuming appliance consumed 100 units of energy and the largest
appliance was 100 units in size (see Table B.1). This made the data more manage-
able during the analysis and more easily comparable with the estimates provided
by participants on the 0–100 scale.
5.3 Results
For clarity, the analyses, results, and conclusions are reported separately for each
design. See Table 5.1 for a summary of the designs.
5.3.1 Design 1
5.3.1.1 Introduction
In Design 1, the data were collected and analysed according to the heuristic elici-
tation design method (Kahneman & Frederick, 2002; Kahneman & Tversky, 1996).
The between-participants dataset was analysed using the BB analysis of averag-
ing the size estimates and the energy consumption estimates per appliance and
then correlating the averaged size and energy estimates (see Table 5.1). Based
on the literature (Baird & Brier, 1981; Schuitema & Steg, 2005), it was hypothe-
sised that average size and energy estimates would be positively correlated (one-
tailed).
5.3.1.2 Analyses
To prepare the between-participants dataset for analysis, the data were trans-
posed so that the cases (rows) were the appliances and the variables (columns)
were the responses to each question by each participant. The median size esti-
mates and median energy consumption estimates were correlated for each appli-
ance using a Spearman’s Rho test. The non-parametric test was most appropri-
ate because a Kolmogorov-Smirnov test showed that the size estimates were not
normally distributed (Denergy[30] = .05, p = .200; Dsize[30] = .19, p = .009) and so
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violated parametric assumptions. Median estimates were used instead of means
for comparability with Baird and Brier (1981, Exps. 2 & 3).
5.3.1.3 Results
As hypothesised, there was a strong, positive correlation between the median
estimates of size and energy consumption (rs = .78, p [one-tailed] < .001; see Ta-
ble 5.2). Although lower, the correlation coefficient was not significantly different
from the coefficients Baird and Brier (1981) reported (Exp. 2, rs = .91, z = 1.53, p =
.063, Exp. 3, rs = .93, z = 1.9, p = .029).
Table 5.2: Summary of correlation coefficients between perceived size and energy con-
sumption from each study design in Study 2B and, for comparison, from the literature.
Study Method Coefficient n
Design 1 b-p; averaged estimates across participants
(BB analysis)
rs = .78 30
Design 2 w-p; averaged estimates across participants
(BB analysis)
rs = .81 30
Design 3 w-p; raw estimates across participants
(SS analysis)
rs = .53 895
Design 4 w-p; raw estimates per participant
(MO analysis)
rs = .60 30
Baird and Brier
(1981, Exp. 2)
w-p; averaged estimates across participants
(BB analysis)
rs = .91 19
Baird and Brier
(1981, Exp. 3)
w-p; averaged estimates across participants
(BB analysis)
rs = .93 18
Schuitema and
Steg (2005)
w-p; raw estimates across participants
(SS analysis)
r = .67 1560
Note. b-p = between-participants design; w-p = within-participants design.
As reported in Chapter 4.
After listwise deletion during the correlation.
5.3.1.4 Conclusion
According to the heuristic elicitation design that was used (Kahneman & Freder-
ick, 2002), the strong, positive correlation between the estimates of the two groups
of participants suggests that the participants who estimated the energy consump-
tion of the appliances were actually estimating the size of the appliances (or vice
versa).
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5.3.2 Design 2
5.3.2.1 Introduction
In Design 2, the data were collected and analysed according to the method used
by Baird and Brier (1981). The within-participants dataset was analysed using the
BB analysis as in Design 1 (see Table 5.1). That is, the average size estimates for
each appliance were correlated with the average energy consumption estimates
for each appliance. By keeping the data analysis method consistent between De-
signs 1 and 2, it was possible to determine whether the data collection method
(between-participants vs within-participants) could cause a difference in the cor-
relation coefficient obtained. Based on the results of Baird and Brier (1981) and
Schuitema and Steg (2005), it was hypothesised that the average size and energy
estimates would be positively correlated (one-tailed). It was also hypothesised
that if the within-participants design influenced participants’ estimates, the cor-
relation between size and energy consumption estimates would be significantly
different from in Design 1 (two-tailed).
5.3.2.2 Analyses
The within-participants dataset was prepared for analysis in the same way as
the between-participants dataset in Design 1. Again, a Kolmogorov-Smirnov test
showed that the size estimates were not normally distributed (Denergy[30] = .10, p
= .200; Dsize[30] = .21, p = .002) so Spearman’s Rho was used for all correlations.
Baird and Brier (1981) also used the Spearman’s Rho test so using the same test
enabled a comparison of the correlation coefficient (rs) with theirs.
5.3.2.3 Results
As hypothesised, there was a strong, positive correlation between the median
estimates of size and energy consumption (rs = .81, p [one-tailed] < .001; see Ta-
ble 5.2). This supported the results of Baird and Brier (1981) and Schuitema and
Steg (2005), reflecting a real correlation—not just a consequence of their study
design. There was no significant difference between the coefficients found using
Design 2 and Design 1 (z = 0.30, p = .764).
The order in which participants in the within-participants dataset estimated
the size and energy consumption of the appliances was counterbalanced. This
meant that that it was possible to check for order effects using the same method
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as Strack et al. (1988), by correlating each counterbalance group separately and
then comparing the two correlation coefficients. Although participants who re-
sponded to the size question first produced a slightly higher correlation coeffi-
cient (rs = .85, p [one-tailed] < .001) than participants who responded to the energy
question first (rs = .81, p [one-tailed] < .001), there was no significant difference
(z = 0.47, p = .638) between the two. Both coefficients were very similar to the
overall correlation coefficient for the within-participants dataset (for the median
estimates per appliance in each dataset, see Table B.1).
5.3.2.4 Conclusion
The type of data collection (between-participants vs. within-participants) did not
make a significant difference to the correlation coefficient obtained. It seems very
unlikely that Baird and Brier (1981) and Schuitema and Steg (2005) obtained their
strong positive correlations between size and energy consumption estimates as a
result of using within-participants designs to collect their data.
5.3.3 Design 3
5.3.3.1 Introduction
In Design 3, the within-participants dataset was re-analysed using Schuitema and
Steg (2005)’s method of correlation (SS analysis) in which a single set of raw size
estimates was correlated with a single set of energy consumption estimates across
all participants to obtain a single correlation coefficient (see Table 5.1). Based on
the literature (Baird & Brier, 1981; Schuitema & Steg, 2005), it was hypothesised
that size and energy estimates would be positively correlated (one-tailed). Based
on the observed significant difference between the coefficients obtained by Baird
and Brier (1981) and Schuitema and Steg (2005), it was hypothesised (one-tailed)
that the size of the coefficient would be smaller than that obtained in Design 2,
which used the BB analysis on the same dataset.
5.3.3.2 Analyses
To prepare the within-participants dataset for analysis, the data were arranged
with just two variables, energy consumption estimates and size estimates, so that
each case was just two estimates from one participant for one appliance. In total,
there were 900 cases (30 participants X 30 appliances), though through listwise
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deletion n = 895 in the correlation. When the dataset was prepared in this way,
a Kolmogorov-Smirnov test showed that neither the energy consumption esti-
mates nor the size estimates were normally distributed (Denergy[898] = .10, p <
.001; Dsize[897] = .14, p < .001) so Spearman’s Rho was used for all correlations,
unlike in Schuitema and Steg (2005)’s original study in which they appeared to
use Pearson’s correlation coefficient.
5.3.3.3 Results
As hypothesised, there was a positive correlation between size and energy con-
sumption estimates (rs = .53, p (one-tailed) < .001; see Table 5.2). The coefficient
was, however, significantly smaller than that obtained using Design 2 (z = 2.75,
p [one-tailed] = .003), a similar pattern to the difference in correlation coefficients
obtained by Schuitema and Steg (2005) compared with Baird and Brier (1981, Ex-
periments 2 & 3).
As a final check, although a Kolmogorov-Smirnov test showed that the data
were non-normal, a Pearson’s correlation was run and obtained a very similar
coefficient as when using the Spearman’s test (r = .50, p [one-tailed] < .001). It
seems unlikely that the significant difference in effect sizes between Baird and
Brier (1981, Experiments 2 & 3)’s and Schuitema and Steg (2005)’s studies was
due to using different statistical tests.
5.3.3.4 Conclusion
This analysis showed that it was possible to obtain significantly different corre-
lation coefficients by using different methods of correlation to analyse the same
dataset for heuristics. It also seems unlikely that the difference between the co-
efficients obtained by Baird and Brier (1981, Experiments 2 & 3) and Schuitema
and Steg (2005) was a consequence of regression to the mean.
5.3.4 Design 4
5.3.4.1 Introduction
In Design 4, the within-participants dataset was re-analysed again, this time us-
ing the method of correlation used by Monin and Oppenheimer (2005) (MO anal-
ysis; see Table 5.1). Based on their findings, it was hypothesised that the size and
energy consumption estimates would still be positively correlated (one-tailed). It
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was also hypothesised that the correlation coefficient from Design 4 (using MO
analysis) would be different from the coefficient from Design 2 (using BB analy-
sis). It was not clear in which direction the difference would be (two-tailed).
5.3.4.2 Analyses
The within-participants dataset was re-analysed by correlating the size and en-
ergy consumption estimates of the appliances for each participant separately (see
Monin & Oppenheimer, 2005, Study 3). As in Design 2, the appliances were
treated as cases and the participants and their estimates as variables. In Design
2, however, the energy and size estimates for each appliance were averaged be-
fore correlation. In Design 4, each participant’s size and energy estimates of the
appliances were correlated for the participant, then the 30 correlation coefficients
(one per participant) were averaged to find the mean coefficient.
5.3.4.3 Results
As hypothesised (see Monin & Oppenheimer, 2005, Study 3), there was still a
moderately good, positive correlation between size and energy consumption es-
timates. The coefficient was smaller this time but still significant (mean rs = .60,
95% C.I. = [.52; .68]). The smaller effect size was probably due to a lack of consis-
tency between participants in their estimates (Monin & Oppenheimer, 2005). The
intraclass correlation coefficient was obtained using a two-way random model
for absolute agreement. Participants were indeed inconsistent with each other
in their estimates of energy consumption (.28), whilst being in moderately high
agreement with each other in their estimates of size (.66). (Very similar intraclass
correlation coefficients were found for the between-participants data of .22 for
energy consumption estimates and .66 for size estimates.) The individual corre-
lation coefficients of each participant also varied greatly (see Table B.2). As Monin
and Oppenheimer (2005, Study 3) found, the coefficients obtained by correlating
averaged data (Design 2) versus raw data (Design 4) appeared to be very differ-
ent though the difference was not statistically significant (z = 1.59, p = .112; see
Table 5.2).
Chapter 5. Correlation Methods in Energy Perceptions Research (Study 2B) 130
5.3.4.4 Conclusion
Although the difference between the correlation coefficients in Design 4 and De-
sign 2 was not significant this time, using two different methods of correlation to
analyse the data for heuristics produced quite different coefficients. This shows
that researchers should not only be careful in choosing their method of correla-
tion but also in clearly reporting it so that other researchers are not misled.
5.3.5 Comparing perceptions with average consumption
5.3.5.1 Introduction
To gain more insight into people’s use of size as a cue, participants’ perceptions
of size and energy consumption were compared with the actual size and energy
consumption of the appliances in average UK households.
5.3.5.2 Analyses
The actual size and actual energy consumption data were correlated with each
other and with the estimated energy consumption and estimated size data from
both the between-participants and within-participants datasets. To further inves-
tigate the impact of using different methods of correlation to analyse the data,
the correlations were performed using both the BB analysis (participants’ median
estimates correlated with actual data) and MO analysis (participants’ raw esti-
mates correlated, per participant, with actual data). Table B.3 lists the coefficients
for each dataset using each method of correlation. Appliances were treated as
cases but only 16 appliances were included in correlations with the actual energy
consumption data because it was available for only 16 of the 30 appliances.
5.3.5.3 Results
Figures 5.1 and 5.2 show the actual size and energy data with the estimates for
the between-participants and within-participants datasets respectively. As Attari
et al. (2010) and Baird and Brier (1981) found, participants seemed, on average,
to underestimate energy consumption for the higher-consuming appliances but
this could also reflect underlying differences between participants in their energy
consumption estimates. Actual size and actual energy consumption correlated
strongly with each other (rs = .90, p [one-tailed] < .001).
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Figure 5.1: Actual energy consumption and size of appliances with between-participants
average estimates (Study 2B).
Figure 5.2: Actual energy consumption and size of appliances with within-participants
average estimates (Study 2B).
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Table 5.3: Actual and estimated size and energy consumption correlations in Study 2B.
Between-participants Within-participants
n BB (rs) MO (rs) n BB (rs) MO (rs)
Estimated Size & Actual Size 30 .91 .81 30 .94 .87
Estimated Size & Actual Energy 16 .90 .80 16 .85 .84
Estimated Energy & Actual Energy 16 .85 .46 16 .87 .63
Note. BB = BB analysis; MO = MO analysis; correlations that involved actual energy con-
sumption data were conducted on only the subset of 16 appliances for which the data were
available.
Participants’ estimates of size were also strongly correlated with the actual
size of the appliances; the MO analysis produced mean coefficients that were
slightly smaller than the BB analysis produced but the difference was not signif-
icant (see Table 5.3. Between-participants dataset: rsBB analysis = .91, p [one-tailed]
< .001; mean rsMO analysis = .81, 95% C.I. = [.75; .87]; z = 1.47, p = .142. Within-
participants dataset: rsBB analysis = .94, p [one-tailed] < .001; mean rsMO analysis =
.87, 95% C.I. = [.85; .89]; z = 1.49, p = .136.). Participants were, on average, accu-
rate when estimating the size of appliances.
Participants’ estimates of size strongly correlated with the actual energy con-
sumption; again, the MO analysis produced mean coefficients that were slightly
smaller than the BB analysis produced but the difference was not significant (see
Table 5.3. Between-participants dataset: rsBB analysis = .90, p [one-tailed] < .001;
mean rsMO analysis = .80, 95% C.I. = [.74;.86]; z = 0.95, p = .342. Within-participants
dataset: rsBB analysis = .85, p [one-tailed] < .001; mean rsMO analysis = .84, 95% C.I.
= [.82; .86];z = 0.09, p = .928.). Participants’ perceptions of size were, on average,
reliable to use as a cue when judging energy consumption.
Participants’ estimates of energy consumption were strongly correlated with
the actual energy consumption of the appliance when the BB method was used to
correlate the median estimates of each appliance with the actual energy consump-
tion of the appliance. When the MO analysis was used to correlate individual
raw estimates of energy consumption with actual energy consumption, however,
the positive correlations were lower, though not significantly so (see Table 5.3.
Between-participants dataset: rsBB analysis = .85, p [one-tailed] < .001; rsMO analysis
= .46, C.I. = [.34; .58]; z = 1.93, p = .054. Within-participants dataset: rsBB analysis
= .87, p [one-tailed] < .001; rsMO analysis = .63, C.I. = [.55; .71]; z = 1.51, p = .131.).
On average, participants’ estimates of energy were fairly accurate, though not as
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accurate as their estimates of size. The lower correlations produced by the MO
analysis, however, suggest that the accuracy of energy consumption estimates
varied between participants.
When the MO analysis was conducted on the within-participants dataset,
both the correlation coefficients between energy consumption estimates and ac-
tual energy consumption and the correlation coefficients between the same peo-
ple’s estimates of size and energy consumption appeared to vary greatly between
individuals (Table B.3, column 7, and Table B.2). An exploratory correlation of
the two sets of coefficients for the same participants showed a strong, positive
correlation of rs =.82. This is probably unsurprising as both sets of coefficients
were based on the participants’ energy consumption estimates. It does confirm,
however, that participants whose estimates of size and energy consumption cor-
related highly also tended to be more accurate in their estimates of energy con-
sumption.
5.3.5.4 Conclusion
The strong, positive correlations produced by the BB analysis method between
average size estimates and the actual energy consumption of appliances suggest
that a size heuristic would be useful in judgements of energy consumption, espe-
cially when considered alongside the strong, positive correlations between actual
size and actual energy consumption, and size estimates and actual size. The cor-
relations between average energy consumption estimates and the actual energy
consumption of appliances (i.e., the accuracy of participants’ energy consump-
tion estimates) are slightly lower than would be expected based on the accuracy
of the size estimates if people were relying purely on size to judge energy con-
sumption. This suggests that, as Baird and Brier (1981) concluded, while size
might play a part in people’s judgements of energy consumption, it is not the
only cue that people use.
The correlations using the MO analysis method suggest a slightly different in-
terpretation. Only some participants were very accurate in their energy consump-
tion estimates; other participants varied greatly in their accuracy (see Table B.3,
column 7). Participants whose size and energy consumption estimates correlated
strongly also tended to be more accurate in their energy consumption estimates.
One possible interpretation of this finding is that participants who used the size
heuristic were more accurate in their estimates of energy consumption.
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5.4 Discussion
It is essential to understand how householders perceive the energy consumption
in their homes if behaviour change technologies, interventions, and policies are
to be effective. Simply providing householders with more and more information
does not appear to be helping them to reduce their energy consumption. Identify-
ing the heuristics used in energy consumption judgements would help to develop
a better understanding of householders’ mental models. That understanding can
then be used to design more effective technologies, interventions, and policies
and, in future studies, to assess whether householders’ perceptions of energy con-
sumption and saving are associated with actual energy-saving behaviour. Kahne-
man and Frederick (2002) defined a simple methodology, the heuristic elicitation
design, that researchers can use to clearly identify whether potential heuristics
are used by householders. Although previous studies have already found evi-
dence that people use the size heuristic when judging the energy consumption
of household appliances, their results and methodologies varied. The study re-
ported in this paper tested whether people use the size heuristic and whether
the effect would persist under different study designs. Two different methods of
data collection (between-participants and within-participants) and three differ-
ent methods of correlation were used to analyse the data (correlating averaged
estimates across participants, correlating raw estimates across participants, and
correlating raw estimates per participant).
In Designs 1 and 2, significant, strong, positive correlations of average size
and energy consumption estimates were found regardless of whether the data
were collected using a between-participants design or a within-participants de-
sign. This confirmed previous findings by Baird and Brier (1981, Experiments 2 &
3) and Schuitema and Steg (2005) that perceptions of size are strongly related to
perceptions of energy consumption. It also confirms that the within-participant
study design did not influence the correlations by priming or other means and,
according to the feature substitution model (Kahneman & Frederick, 2002), par-
ticipants were substituting size when judging energy consumption.
In Designs 3 and 4, re-analysing the within-participants dataset with other
methods of correlation produced significant, moderately strong, positive, but
smaller coefficients. This suggests that the significant difference between the
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Baird and Brier (1981, Experiments 2 & 3) and Schuitema and Steg (2005) coeffi-
cients could have been due to the different methods of correlation that they used.
The results of Design 4 also showed the relevance of individual differences in
participants to understanding their perceptions of energy consumption. Whilst
fairly consistent in their estimates of size, participants were much less consistent
in their estimates of energy consumption, possibly reflecting the relative diffi-
culty of the task of judging the energy consumption of an appliance compared
with estimating its physical size.
Finally, the size and energy consumption of appliances are strongly correlated
in reality so using size to infer energy consumption would help householders to
accurately judge the energy consumption of their appliances. On average, partic-
ipants were less accurate in their energy consumption estimates than might have
been expected from the accuracy of their size estimates. When analysed individ-
ually, however, there appeared to be large variation between individual partici-
pants in the accuracy of their energy consumption estimates. Participants who
appeared to use size as a cue (showed strong correlations between their size and
energy consumption estimates) tended to be more accurate in their energy con-
sumption estimates. Taken together, this suggests that householders vary in their
mental models of the energy consumption of their appliances. Some participants
had mental models that matched the actual energy consumption of appliances,
while others did not. One caveat to make is that the “actual” energy consump-
tion was estimated from national statistics rather than from participants’ house-
hold energy consumption so it is possible that some participants’ estimates did
not correlate highly because their personal energy consumption varied from the
average national consumption (Lesic et al., 2018). However, other studies have
shown that people do not necessarily even know their own energy consumption
(e.g. Kidd & Williams, 2008) so it seems unlikely that this would have a very large
impact overall.
5.4.1 Implications for studying householders’ perceptions of en-
ergy consumption
The findings of this study confirmed the findings of Baird and Brier (1981) and
Schuitema and Steg (2005) that there is at least a moderately strong positive corre-
lation between people’s estimates of the size and energy consumption of house-
hold appliances. This finding supports the suggestion, from both quantitative
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and qualitative studies, that some (but not necessarily all) householders use the
size of appliances to help them judge the energy consumption of their appliances
(Baird & Brier, 1981; Chisik, 2011; Schuitema & Steg, 2005; van den Broek, 2016).
5.4.1.1 The impact of methodology on results
Different methods of correlation can produce different sizes of coefficients—the
researcher’s choice of correlation method influences the effect size of the study.
There is a need for more research into how householders perceive and make sense
of energy consumption and saving, including investigating the use of poten-
tial heuristic cues in their judgements. It is therefore important that researchers
clearly report which correlation method they have used so that other researchers
can interpret and compare their findings accurately.
The choice of method for collecting data appeared to be less important to the
results of this study. The same strong, positive correlation was obtained for both
the between-participants dataset and the within-participants dataset. There were
no order effects for the within-participants dataset. It is not clear why but it is
possible that there were so many (randomly-ordered) appliances to estimate that
participants did not remember their estimates of the first feature for each appli-
ance when estimating the second feature and so were not primed or otherwise
influenced by the study design (Li, Johnson, & Zaval, 2011, also found no order
effects using a within-participants design to test feature substitution). Another
possible explanation is that size is one of a few special features that are always
cognitively accessible to people and cannot be primed (Kahneman & Frederick,
2002). People automatically perceive the size of objects around them because
they use size to help make perceptual judgements such as the distance of objects
from them. Participants would not be able to help but substitute size when asked
to judge the more difficult feature of energy consumption. Research on other
features potentially used as heuristics in energy consumption judgements, using
both methods of data collection, would help to verify this.
It is possible that estimating energy consumption over one year instead of the
much shorter time frame of one hour that was used by Baird and Brier (1981,
Experiments 2 & 3) caused different perceptions between studies but it did not
seem to affect the results. Baird and Brier (1981) and Schuitema and Steg (2005)
used different time frames but, using a single time frame, a similar difference
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in results was found between the BB analysis and SS analysis methods as was
produced by Baird and Brier (1981) and Schuitema and Steg (2005).
5.4.1.2 Causality in heuristic testing
The study reported in this paper, like those of Baird and Brier (1981) and Schuitema
and Steg (2005), was correlational and so could not statistically confirm a causal
relationship between participants’ perceptions of size and energy consumption
when judging household energy consumption. Baird and Brier (1981, Exper-
iments 2 & 3) and Schuitema and Steg (2005) concluded a causal relationship
based on specific errors made by their participants who appeared to be misled
by appliances that consumed more or less energy than their size might suggest.
Size is also more concrete, visible, and familiar than energy so it is plausible that
it could influence perceptions of energy consumption rather than the other way
round.
Of course, it is possible that the relationship between size estimates and en-
ergy consumption estimates was mediated by some other factor. For example,
Gabe-Thomas et al. (2016), using cluster analyses, showed that participants ap-
peared to think about appliances according to their location (in particular, the
kitchen) rather than by their physical size. Most of the largest appliances in a
typical household are generally found in the kitchen so people might use the lo-
cation of the appliance rather than its physical size as a heuristic when judging its
energy consumption. This explanation does not account for the errors reported
by Baird and Brier (1981) and Schuitema and Steg (2005) though.
Another explanation could be that as the size and energy consumption of ap-
pliances are strongly related in reality and as the participants in the present study
were all fairly accurate in their estimates of size, if they were also accurate in their
estimates of energy consumption even without using size as a cue, they would
produce strong, positive correlations between their size and energy consumption
estimates. This demonstrates a limitation of the heuristic elicitation design in test-
ing for the use of some energy consumption heuristics. The method is useful in
identifying potential heuristics but more experimental approaches (beyond the
scope of this study) would be necessary to verify causal relationships.
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5.4.2 Size and other cues in energy judgements
It seems likely that size is relevant to people when judging energy consumption
because size is easy to observe and cannot be avoided in everyday visual percep-
tion (Kahneman & Frederick, 2002). Other characteristics of appliances are likely
to also be relevant to people’s judgements and should be tested in future studies.
Size was tested in this study because it is the most reported energy judgement
heuristic in the literature—probably because size perceptions are relatively easy
to measure.
In Chapter 4, the average estimate of the amount of heat produced by appli-
ances correlated very strongly with the average estimate of energy consumption.
As the heat estimates were not collected using a within-participants design, it is
not possible to further explore the correlation within these studies. Based on the
qualitative findings in Chapter 3, it is possible that participants used cues based
on perceptions of the amount of heat produced and the size of the appliances
together to estimate energy consumption. Another within-participants study, in
which participants were asked to estimate heat production, size, and energy con-
sumption, would be necessary to explore this further though.
5.4.3 Individual differences in perceptions of consumption
An important finding of this study is that individual differences should be con-
sidered and measured in future studies that investigate people’s perceptions of
household energy consumption. This study demonstrated large variations be-
tween individual participants in their potential use of size as a cue and the accu-
racy of their energy consumption estimates. Cognitive ability might be relevant
to their perceptions. Other studies have found that people with higher numeracy
skills tend to be more accurate in their judgements of energy consumption (Attari
et al., 2010; Schley & DeKay, 2015).
5.5 Conclusion
As Baird and Brier (1981) and Schuitema and Steg (2005) found, there is a mod-
erately strong, positive correlation between people’s perceptions of the size of
household appliances and their perceptions of the energy consumption of those
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appliances. The method of correlation chosen by researchers to analyse the rela-
tionship between participants’ estimates can influence the effect size of the study.
It is important, therefore, that researchers choose carefully which method to use
and also report clearly their study design so that other researchers can interpret
and compare studies. The method of data collection did not, in itself, make a
difference to the strength of the correlation. Using a within-participants design
with a per-participant method of correlation, however, revealed that individual
differences are important to whether people might use size as a cue in energy
judgements.
While the original, between-participants heuristic elicitation design method
should be used to quickly and cleanly identify potential heuristic cues, the MO
analysis, with its sensitivity to individual differences, is valuable in providing in-
sight into how people perceive energy consumption. It is clear from our findings
that people vary in how they perceive the energy consumption of the appliances
in their homes. It is clear from the literature that providing householders with
increasing amounts of information is not helping them to reduce their energy
consumption and save energy. Understanding how people perceive energy con-
sumption is essential to being able to design effective energy-saving technologies,
interventions, and policies that actually work.
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Part II
Householders’ Perceptions of Energy
Savings
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Understanding how people make judgements about energy consumption is
interesting but the ultimate goal of energy perceptions research is to help people
to save energy. So it is important to understand how people make judgements
about energy savings, and whether and how perceptions of energy consumption
are linked to perceptions of energy savings. Judging the effectiveness of energy-
saving measures is arguably a different process from judging energy consump-
tion. Attari, Dekay, Davidson, and Bruine de Bruin (2010) tentatively suggested
that perceptions of energy savings might be different from perceptions of energy
consumption. In exploratory analyses, they had found that their participants’
perceptions of energy consumption were more accurate than their perceptions of
energy savings. Yet there has, otherwise, been little research on how people per-
ceive energy savings, beyond determining the accuracy (or inaccuracy) of their
perceptions (Attari et al., 2010; Kempton et al., 1985; Lesic et al., 2018; Mettler-
Meibom & Wichmann, 1982). It is important to understand how householders
make judgements about energy savings in order to be able to help them choose
more effective behaviour-changing strategies. For example, how do people per-
ceive how much energy can be saved by driving a big car less versus driving a
small car? And how do people decide whether it is still “worth it” to drive a car
less if they have already replaced it with a smaller car?
As shown in Part I of this thesis, people simplify energy consumption judge-
ments by taking cues from features of the appliances (e.g. Baird & Brier, 1981;
Schuitema & Steg, 2005). The studies reported in Chapters 3, 4, and 5 support
and extend previous findings in the literature. It is plausible that people might
use the heuristic process of feature substitution, as described in Chapter 2, to
simplify and make energy savings judgements too, though no research has so far
explored this. It is known, for example, that people tend to overestimate the sav-
ings of measures that involve repeated, low-cost effort, whilst underestimating
the potential savings of one-off, high-cost efficiency improvements (e.g. Attari et
al., 2010; Becker et al., 1979; Kempton et al., 1985; Mettler-Meibom & Wichmann,
1982). It is possible that householders infer the relative effectiveness of energy-
saving measures from features of the measures (e.g. how they are implemented),
from their perceived energy consumption of the appliance, or from some other
features. The purpose of the research in Part II is to explore how people make
energy savings judgements and what features they might use to infer the relative
effectiveness of energy-saving measures.
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Chapter 6
Exploring Perceptions of Energy
Saving (Study 3)
6.1 Introduction
Judging the amount of energy saved by energy-saving measures is arguably more
complicated than judging the energy consumption of appliances. In Part I of this
thesis, it was shown that householders try to simplify complex judgements of en-
ergy consumption by using heuristics. It is plausible that householders also try to
simplify energy savings judgements using heuristics. In heuristic judgements, in-
stead of weighing up all the relevant information before making a judgement, the
person instead ignores most of the information and makes their judgement based
on only a small number of pieces of information, or cues. No previous research in
the literature has investigated whether people use heuristic cues to infer energy
savings, what those cues might be, and whether they are similar to the cues used
in energy consumption judgements. The study in this chapter takes a qualitative
approach to understanding householders’ perceptions of energy saving and to
identify the cues they might use and how they might use them.
6.1.1 Inferring the effectiveness of energy-saving measures
Energy-saving is both objectively complex and subjectively complicated to un-
derstand, possibly more so even than understanding energy consumption. For
example, to rationally estimate the amount of energy consumed by an appliance,
householders must select a time-frame (a starting point and an end point), a unit
of measurement (e.g. pounds sterling, kilowatt hours (kWh), etc) and then con-
sider the factors that they think might contribute to consumption, such as how
much the appliance is used, how much electricity the appliance draws when
switched on, and perhaps what season and outdoor temperature it is. To estimate
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the amount of energy saved by a given energy-saving measure implemented on
that appliance, the householder must logically start with a perception of how
much energy is currently consumed by the appliance (based on the previously
mentioned factors), and then select a comparable time-frame and conditions af-
ter applying the energy-saving measure for which to estimate the energy savings.
Comparing two different energy-saving measures is even more complicated be-
cause all of this must be done twice (once for each measure), ensuring that the
time-frames and conditions are matched for fair comparison, and then make the
comparison of the two values.
The number of factors required to understand a particular appliance’s energy
consumption or a measure’s potential savings is large and varies between do-
mains. For example, even just considering whether and when to replace ineffi-
cient light bulbs with more efficient light bulbs is a modelling exercise that in-
cludes many factors (some of which are specific to the domain of lighting), such
as the energy consumption when using the bulbs, as well as in manufacturing
and transportation of the bulbs; the amount the lights are used; the current state
and age of the light bulbs and for how long they are expected to last; the amount
of heat produced by the inefficient light bulbs that potentially offsets other room
heating (Liu, Keoleian, & Saitou, 2017; Polácˇek, 2012). Modelling all those factors
to get an accurate estimate is not feasible for most householders.
It would not be surprising then if people use heuristics to reduce the effort
required of them to make judgements about their household energy savings in a
similar way to how they make judgements about appliance energy consumption
(see Part I; Lesic et al., 2018). It is likely that people omit several of the factors and
steps described above in making their judgement about the potential savings of
energy-saving measures, including not necessarily rationally assessing the con-
sumption of the relevant household appliances in the first place. While there are
many additional factors such as motivation and cost for householders to con-
sider, importantly they also need to judge whether the amount of energy saved
by any given measure is significant enough to be worth any financial, effort, or
time outlay on their part.
6.1.2 Estimating energy quantities using heuristics
In the qualitative study reported in Chapter 3, it was shown that householders
probably do not make judgements about the energy consumption of appliances
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using a full “rational” model of judgement making. Instead, they take short-
cuts and save effort by simplifying the judgement process (Shah & Oppenheimer,
2008). It is assumed in this thesis that people do not know (or it is too difficult to
find out) all the information that would be required to make a “rational” judge-
ment. And, even if they did have all the relevant information, it would just be
too difficult and take to much effort to organise and weigh up all that informa-
tion appropriately to make a “rational” judgement. Instead, they use the heuristic
process of feature substitution (Kahneman & Frederick, 2002) in which they ac-
cess limited amounts of information according to what information is most easily
accessible and associated with energy estimates, and then base their energy esti-
mate on that information.
A categorisation-based model of feature substitution in heuristic energy judge-
ments was outlined in Chapter 2. According to the model, when judging the en-
ergy consumption of appliances, people categorise the appliances according to
features of the appliance (e.g. large appliances), judge how typical the appliance is
of that category, and then map the appliance to the similar position in the ad hoc
category (Barsalou, 2010) of high-energy-consuming appliances. Although all the
energy perception studies given as examples in the model related to energy con-
sumption perceptions, the categorisation model is potentially applicable to per-
ceptions of energy savings too. People might categorise energy-saving measures
according to certain features of the appliance or the measure (e.g. heat-reducing
measures), judge how typical the measure is of that category (e.g. how much it
reduces heat production in the appliance), and then map the measure to the sim-
ilar position in the ad hoc category of high-energy-saving measures. For example,
when judging whether switching off the lights (Measure A) will save more or less
energy than installing energy-saving light bulbs (Measure B), people could cate-
gorise the measures based on certain features of the measures and then map those
features to energy savings. The feature of “reduces light production” might lead
to the conclusion that A would save more than B; the feature of “reduces usage
time” might also lead to the conclusion that A would save more than B; the fea-
ture of “improves efficiency”, however, might lead to the conclusion that B would
save more than A. Although this heuristic approach of feature substitution will
not always produce the “correct” answer, it probably produces a good enough
answer often enough that the benefits of simplifying the judgement outweigh the
risk of occasionally producing an answer that is not good enough. In situations
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where experts need to model energy consumption or savings with great accuracy
they would probably not, of course, rely on these simple heuristics but would
have computer software and training to help make their judgements. For the ma-
jority of householders, however, precise accuracy is not important enough to go
to huge amounts of effort and learning; heuristics are ideal.
6.1.3 Research questions
The research questions addressed in this study were:
How do people try to infer the energy savings of household energy-saving
measures? In particular, what sources of information (cues) do they use to infer
the effectiveness of energy-saving measures?
6.1.4 Study overview
In their survey-based study, Attari et al. (2010) found that participants estimated
different quantities of energy for similar activities when asked to estimate energy
consumption versus energy savings. Although the evidence was limited, they
tentatively suggested that perceptions of energy consumption might differ from
perceptions of energy savings by the way they are framed. The interviews con-
ducted for the present study were conducted at the same time as the interviews
reported in Chapter 3. In the present study (Study 3), participants were asked
about how they estimate the amount of energy saved, whereas, in Study 1, par-
ticipants were asked about how they estimate the amount of energy consumed.
The Study 3 interviews were initially designed to capture only the effects of dif-
ferently framing energy estimates, relative to the Study 1 interviews, according
to whether the estimates were framed as energy use or energy savings. However,
during data collection and the analyses, it became clear that estimating energy
savings is different and more complex than estimating energy consumption so
the two sets of interviews were analysed separately. Because there was little pre-
vious research to inform the design of the interviews in Study 3, the researcher
did not probe as deeply in some discussion areas as would be ideal so the con-
clusions are tentative and would need further, in-depth qualitative research to
strengthen them. However, the findings in Study 3 do correspond with the find-
ings of Study 1 and also with the findings of van den Broek (2016). That cor-
respondence along with the novelty of the findings give value to the reporting
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of this study as a basis for generating future research questions and hypotheses.
The study also provided a sufficient basis for developing the quantitative studies
reported in Chapter 7.
6.2 Method
Ten UK householders participated in semi-structured interviews that included
simple card sort tasks. The audio recordings of the interviews were transcribed
and then analysed using Thematic Analysis.
6.2.1 Participants
Ten householders from a large village in South-East England were recruited to
participate in face-to-face interviews. Flyers asking recipients to share their thoughts
about how they save energy in their daily lives were delivered to about 75 house-
holds and then followed up by face-to-face requests. Appendix C provides ex-
amples of the flyers and information sheets used to recruit participants. All other
recruitment details were the same as reported for Study 1 in Chapter 3. Table 6.1
gives details of the Study 3 participants. All participants were white, all were
British, and all were resident in the village when the interviews were conducted.
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Table 6.1: Participant details in Study 3.
PS01 PS02 PS03 PS04 PS05 PS06 PS07 PS08 PS09 PS10
Sex Female Female Female Female Male Female Male Female Male Male
Age 20s-30s 20s-30s 50s 30s-40s 30s 20s-30s 40s-50s 30s 60s 60s
Job Sales Housewife Unknown
work
Unknown
work
Broker Part-time Science
teacher
Housewife Retired
builder
Retired
science
academic
Adults 2 2 2 1 2 2 2 2 2 2
Children
< 13 yrs
0 2 0 0 2 2 0 3 0 0
Teens <
18 yrs
0 0 0 1 0 0 2 0 0 0
Interview
Room
Kitchen Lounge Kitchen-
diner
Kitchen Kitchen-
diner
Kitchen-
diner
Dining-
room
Kitchen-
diner
Lounge Lounge
House
Age
21stC 21stC 21stC 21stC 21stC 21stC Early
20thC
19thC Late
20thC
Late
20thC
House
Type
End terr Semi Detached Mid-terr Mid-terr End terr Detached Detached Bungalow Detached
Mains
Gas
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Heating Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas
Owns
House
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Owns
Car
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Monitor Never Current Never In the
past
Never In the
past
In the
past
Never Current In the
past
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Six of the ten participants in the present study had past or current experience
of using an energy monitor, though they varied in levels of reported engagement.
6.2.2 Data collection, ethics, and procedure
The interviews were conducted in the same way as reported in Chapter 3. The
only difference was the instruction given to participants about what to write on
the pieces of card they were given: “Could you write on each card ways of saving
energy in your everyday life, inside and outside the home? Create as many cards
as you can and think out loud as you do it.”. During the card sort tasks, partici-
pants were asked to sort the card into groups according to the amounts of energy
the measures saved, and then into order from most amount of energy saved to
least. All participants were encouraged to think aloud and to discuss the relative
energy savings of the measures written on the cards. For the complete interview
schedule, see Appendix C.
6.2.3 Transcription and analysis
The interviews and card sorts were recorded and transcribed as described in
Study 1. The data were analysed using a theoretically-guided thematic analy-
sis (Braun & Clarke, 2006). No coding schemes were defined in advance of the
analysis but the researcher was aware, during construction of the themes, of the
distinctions between curtailment and efficiency energy-saving measures in the
literature. The researcher was also aware of the energy perceptions, heuristics,
and categorisations literature. The initial data analysis was conducted soon after
data collection was completed but the final analyses were conducted after com-
pletion of the studies reported in Part I and alongside writing up Studies 4A–4C
(reported in Chapter 7)1. The structure and labelling of the themes in Study 1
(Chapter 3) and the theoretical model described in Chapter 2 influenced, but did
not determine, the presentation of the themes reported in Study 3. Where rele-
vant, links between the findings of Study 3 and Study 1 are noted.
1See Chapter 8 for reflections on the long, iterative process of analysing the qualitative studies
in this thesis.
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6.3 Findings
The findings from the thematic analysis are grouped into five themes. Table 6.2
lists the themes and sub-themes reported in this chapter.
Table 6.2: Themes and sub-themes identified in Study 3.
Theme Sub-themes
Theme 1: Appliance
consumption cue
Amount of time that the appliance is in use
Amount of activity by the appliance
Characteristics of the appliance
Theme 2:
Appliance-changing cues
Reducing the amount of heating or cooling
produced by the appliance
Changing the physical characteristics of the
appliance
Theme 3: Measure-based
cues
Reducing the amount of time the appliance is
used
How long the measure is saving energy for the
appliance
Frequency of implementing the measure
Theme 4: Inferring and
comparing energy savings
from multiple cues
Resolving conflicting inferences about a single
measure
Comparing relative energy savings of two
measures
Theme 5: Constructing
comparisons to infer energy
savings
Comparing with examples from past experience
Comparing with an alternative reality
Extent to which the measure is implemented
6.3.1 Card sort rankings
The purpose of the card sort exercises during each interview was to prompt and
encourage discussion with the participant about the energy savings of the mea-
sures. The card sorts and rankings were not analysed because each participant
generated their own card labels so systematic comparisons across participants
were not possible. The total number of cards created by interviewees ranged
from 5 to 18 (Median = 9.5 cards). Table 6.3 lists the cards generated by par-
ticipants in the descending ranked order of perceived energy savings that was
recorded during the interview. Participants varied in the level of granularity they
used in labelling their cards with appliances. For example, PS06 labelled a card
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with “kettle, washing machine, dishwasher” because she considered them to be
similar in potential energy savings when using them; PS10 labelled a card with
“cavity insulation and loft” whereas PS03 labelled two cards separately as “foam
in wall cavities” and “insulating the loft”.
The focus of the analysis was on participants’ perceptions of saving house-
hold energy. Table 6.3 shows that some participants mentioned recycling as an
energy-saving measure. Recycling-related measures are not discussed further
here because they are beyond the scope of saving household energy. Similarly,
although each participant was briefly asked to talk about transport when going
on holiday, this was not analysed further because it was beyond the scope of
saving household energy on a daily basis. These should be examined in future
research.
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Table 6.3: Card sort rankings per participant in Study 3. The first row is the measure perceived to save the most energy with
descending amounts of energy saved down each column.
PS01 PS02 PS03 PS04a PS05 PS06 PS07 PS08 PS09 PS10
Recycling Less car
journeys
Double
glazing
Washing
machine
30 degree
cycle
Walking
instead of
car
Heating –
on timer
Loft
insulation
Low
energy
bulbs
Only use
heating
when
necessary
Cavity
insulation
and loft
Fuel
efficient
car
Reduce
heating
Installing
photo-
voltaics
Only boil
enough
water for
one cup
Limit
heating
Only
having the
necessary
number of
radiators
on
Driving
less
Switching
off lights
Could
change
elec oven
to gas
PC to
hibernate
Not
having
heating too
high
Turn off
power on
plugs
Energy
efficient
boiler –
combi?
Don’t
leave
appliances
on standby
Not using
tumble
dryer
Kettle,
washing
machine,
dish-
washer
Choosing
energy
efficient
boiler
Solar
panels
Sweep
drive not
elec [not
use leaf
sucker]
Lighting
off
Not
boiling too
much
water in
the kettle
Energy-
saving
bulbs
Foam in
wall
cavities
Always
turn lights
off
Low temp
washing
Tumble
dryerb
Cavity
wall
insulation
Switching
off TV
Replace
batteries in
[mobility]
scooter
Equipment
on standby
Double-
glazed
windows
Use less
hot water
Insulating
the loft
Lights off water
wastage
[bath,
shower,
toilet]b
Hot water
tank
lagging
Double
glazing
Heating on
timer
Central
heating
Loft
insulation
Service
boiler
Foil-lined
plaster-
board
Oven time TV, radio
alarm
Driving
more
energy
efficiently
Loft
insulation
Use
microwave
less (use
gas hob)
Washing at
low temp
Continued on next page
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Table 6.3 – Continued from previous page
PS01 PS02 PS03 PS04 PS05 PS06 PS07 PS08 PS09 PS10
Energy
efficient
appliances
Make sure
tyre
pressures
are correct,
empty
boot
Turning
down the
thermostat
Shorten
shower
time
Fuel /
public
transport /
cycling
Choosing
energy
efficient
washing
pro-
grammes
Cavity
wall
insulation
V. little on
standby
[already]
Energy
save bulbs
Energy
saving
light bulbs
Boil water
- only
what’s
needed
When
replacing
white
goods
buying
energy
A-rated
ones
Not
leaving TV
on standby
Choosing
energy
efficient
white
goods
Checking
energy
rating on
appliances
Low on TV
[already]
Induction
hob
Make sure
fridge-
freezer are
full
Walking
and taking
bus rather
than car
Turn plug
sockets
[off]
Replacing
light bulbs
with low
energy
bulbs
Recycling Very little
lighting
[already]
Shower
[rather
than] bath
Not
leaving
appliances
on standby
Switching
off lights
wherever
possible
Clothes
recycling
No
computer
[already]
Walk don’t
drive
Wearing
more
clothes
Double
glazing
Garden
waste
recycling
Hand
mow
[lawn]
Not using
the tumble
dryer in
the
summer
Draught
excluding
Composting Program
thermostat
Continued on next page
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Table 6.3 – Continued from previous page
PS01 PS02 PS03 PS04 PS05 PS06 PS07 PS08 PS09 PS10
Switch off
lights not
using
Turning
down
main
thermostat
Energy-
saving
lightbulbs
Checking
tyre
pressures
Draught
excluders
Thermostats
on
radiators
One-pot
cooking,
remoska,
slow-
cooker
Insulating
walls
behind
radiators
Emptying
the boot
Avoiding
standby on
TV and
console
a She also created a card for “Only flush toilet during day” but she decided during the card sort that saving water was different from saving
energy: “I’ll hide that one” (PS04).
b Two cards ranked in the same position.
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6.3.2 Theme 1: Appliance consumption cue
Participants perceived that measures implemented on high-energy-consuming
appliances would save more than measures implemented on low-energy-consuming
appliances, regardless of the measure itself.
6.3.2.1 Perceived consumption of the appliance prior to implementing the
measure
Participants’ perceptions of how much energy the appliance consumed were per-
ceived as relevant to how much energy a measure implemented on the appli-
ance would consume, with measures perceived to save more energy on high-
consuming appliances than on low-consuming appliances. For example, PS03
perceived that installing double-glazing would save more energy than replacing
kitchen appliances (white goods) with more efficient ones because she perceived
kitchen appliances to consume less energy than the central heating boiler in the
first place:
certainly I would imagine at least twice as much because I don’t think
that white goods use up an awful lot anyway really, apart from things
like fan heaters that gobble up the electricity. I think on the whole
things like fridges and that they don’t use a lot anyway (PS03).
Implementing measures on high-energy-consuming appliances was perceived
to save high amounts of energy. Reducing the use of inefficient appliances was
perceived to save more energy than reducing the use of efficient appliances. For
example, taking fewer car journeys was perceived to save high amounts of en-
ergy if the car was perceived to consume high amounts of energy in the first
place: “you would save even more if I had a bigger car yes, yes” (PS03). Simi-
larly, increasing the efficiency of appliances used a lot (and so consuming a lot of
energy) was also perceived to save high amounts of energy: “driving more effi-
ciently. . . will save more energy because I have to do it all the time, whatever the
weather, I’m gonna be driving” (PS07); “If I didn’t use it very much or I walked to
places it wouldn’t actually make so much difference to me having a fuel-efficient
car” (PS01).
Implementing measures on low-energy-consuming appliances was perceived
to save only low amounts of energy. For example, if appliances are used very little
in the first place, they were perceived to consume only low amounts of energy
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and so measures implemented on those appliances were perceived to save little
energy: “That [lighting] can’t go down any more. That [standby] can’t go down
much more than it is” (PS09); “in our household, we’re pretty good with the lights
so I think, you know, we don’t waste energy there” (PS05). Similarly, reducing
the use of appliances that were perceived to be efficient already was perceived to
save little energy: “switching off lights . . . if we’re using energy-saving light bulbs
anyway that’s probably not saving very much” (PS03); “I would’ve thought not
using the tumble dryer in the summer is pretty low [in potential savings]. I mean,
I think these days modern appliances are much more efficient than the old ones”
(PS03). Improving the efficiency of appliances that were already perceived to be
efficient was not perceived to save much energy: “our boiler’s quite new. I think
it was quite a good boiler to start with . . . I guess, having it serviced probably
doesn’t save vast quantities” (PS08).
Some participants perceived appliances on standby to be consuming enough
energy for it to be worthwhile switching them off: “at night when we go to bed
we’re running at approximately 2p an hour whereas during the day when we’re
using things it’s 7p an hour” (PS02); “things like turning the power off on the
dishwasher and the washing machine when they’re not on would save energy be-
cause then obviously they’re not using anything while they’re turned off” (PS01).
Other participants, however, perceived the standby mode of most appliances to
consume relatively little amounts of energy and switching them off would not
save much energy: “my perception is that most modern TVs and consoles are
quite low energy on standby. So switching them off, you’re saving a steady sort
of drain out of your house. It’s something but it’s not that much” (PS07).
6.3.2.2 Energy consumption cues
To infer the energy savings of a measure from the energy consumption of the ap-
pliance, householders must first infer the energy consumption of the appliance.
Participants inferred energy consumption using very similar cues (features of the
appliance and its usage) to those mentioned by participants in Study 1 (see Chap-
ter 3) so they are grouped here into similar sub-themes.
Amount of time that the appliance is in use or switched on Participants per-
ceived that if an appliance is switched on it is consuming energy: “I’m aware of
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the fact that when you switch stuff on it makes things, you know, it uses up elec-
tricity” (PS07). In general, there was a perception that the more the household
uses the appliance (frequency or duration of use), the more energy it consumes:
“if you were using him [the mobility scooter] every day he’s gonna use energy
five hours every night to keep him charged up, depending on the distance you
go” (PS09); “I think the tumble dryer is quite a big one [energy consumer] because
of the length it goes on for” (PS05).
Amount of activity by the appliance Participants perceived that the more ac-
tive the appliance is when being used, the more energy it consumes. Appliances
that are on standby were perceived to consume a low amount of energy relative
to when they were in use. Some participants perceived standby consumption to
be significant: “I’ve heard that leaving the TV on standby can actually it does
use energy” (PS05). PS10 was concerned about the amount of electricity being
consumed by appliances that had to stay on standby when not in use in order
to operate correctly: “it’s a Virgin PVR [digital video recorder] and I think I read
somewhere that’s using something like 20, 25 Watts on standby, that’s all because
the hard disk is running in the PVR” (PS10). Other participants, however, talked
about standby consumption of most appliances as being fairly low: “my percep-
tion is that most modern TVs and consoles are quite low energy on standby”
(PS07). Participants inferred relative levels of activity in various ways, including
whether the appliance produces heat, cooling, noise, or light.
Amount of light produced The amount of light produced by the appliance
was used as an indicator of the amount of energy consumed. The more light
produced, the greater the amount of energy consumed, while less or dimmer
light indicated lower energy consumption:
I know a lot of people just light their house up like a Christmas tree
at Winter. I just go round turning everything off, use subdued light-
ing where possible. In here, like, we just use subdued wall-lights to
watch TV or something. I think lighting is probably my biggest thing
because, especially with the old incandescent bulbs, you can really, re-
ally rack up you know if you leave a 100w bulb on all over the place
(PS10).
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Red indicator lights were interpreted as indicating that the appliance consumed
low amounts of energy but not nothing: “if you put it on standby, it’s still got the
red light to say it’s on standby, so I suppose it’s still using a certain amount of
electric” (PS04).
Heating something up or cooling something down Heating up air, food,
or water was perceived to consume a high amount of energy. For example, a
commonly mentioned indicator of high energy consumption was the amount of
heat produced by an appliance to heat up water: “the main cost involved in a
shower is the initial heating of the tank for the water . . . the more water you use,
the more it’s got to replace and heat that” (PS05); “it’s mainly electricity, isn’t it,
and your gas, obviously, to heat the water” (PS06).
Similarly, a high amount of cooling was perceived to indicate that a high
amount of energy is consumed: “the freezer, for instance, that takes up quite a
lot of energy. I know if you put a freezer in the conservatory, for instance, it
would pack up in the summer wouldn’t it because it would be really working
hard to keep cold when the air is hot” (PS03).
One participant inferred the high energy consumption from producing heat
based on the noise made by the boiler when operating: “I think with the heating,
it’s just you’re aware that it’s, that you can hear that boiler going all the time.
You know what I mean? You know that you’re using up a lot of energy on that”
(PS06).
Some other participants had measured the energy consumption of some of
their appliances but some made the inference (at least partly) from their direct
experience of feeling heat produced by the appliance. PS10 had measured the
energy consumption of his PC but had also experienced the amount of heat pro-
duced as a by-product of running the PC and he inferred that the computer con-
sumed a lot of energy if left on all the time:
graphics cards are so powerful now and they require such extreme
cooling, so a lot of the heat is wasted in cooling so, idling, they’re
probably using 80, 90 watts, and under load, about 150. They get fe-
rociously hot, just the graphics card. Then you’ve got the processor,
which gets stupidly hot, the motherboard chips are all heat-sinked and
heat-piped cooled, they get stupidly hot so to run a decent computer,
you need something like a 750 watt power supply?. . . . So, you know,
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if PCs are in almost every home, that’s a massive power consumption
(PS10).
Characteristics of the appliance The physical characteristics of the appliance
were also used to infer the amount of energy consumed, including the size, age,
and efficiency rating of the appliance, plus the intensity of energy required by
the appliance to operate. These cues were often used in combination rather than
individually.
Size Participants perceived that larger appliances consumed more energy
than smaller appliances. PS05 inferred that his TV consumed a lot of energy
because of its size: “it’s quite a big one so obviously it does sap energy” (PS05).
PS09 had observed that his large oven was more expensive to run than his small
oven: “it’s a fan oven as well, you see, so it would be, I should think at least £2
on your oven on a Sunday. . . . We’ve got a little oven with it as well which is only
25p. There’s two. . . . The big oven is expensive to run” (PS09).
Age Participants perceived that older appliances consumed more energy
than newer appliances. There was an expectation, in particular, that new houses
would be more efficient than older houses and would contain efficient boilers: “I
think modern homes are pretty good for that sort of thing” (PS06); “you’d expect
a new house to have a pretty good boiler but these ones were rubbish” (PS03).
Participants also combined the age of appliances with other cues, such as their
size, to infer their consumption: “I just have a little car that’s relatively new so
relatively good on fuel” (PS01).
Energy efficiency rating Participants used the efficiency ratings of appli-
ances to infer their energy consumption. High efficiency ratings were perceived
to indicate low energy consumption. Although the efficiency rating was some-
times used by itself, it was often used in conjunction with other cues. For exam-
ple, PS03 perceived her car to consume relatively little fuel because of its low tax
(perceived to be linked to the car’s efficiency) and its small engine: “I’ve got a car
with quite a small engine and I only pay £25 a year tax on it. So that’s quite en-
ergy efficient compared to big gas guzzling things” (PS03). PS06 made a similar
link between the amount of tax paid on a car and its efficiency along with its size:
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You’d look at obviously how much you’re using up in petrol. I know
cos all cars really vary: what model, if you go for a bigger or smaller
engine, or car or whatever, and obviously there’s tax on cars that fuel
guzzle so you look that as well (PS06).
PS02 judged her boiler to be more efficient than her car based on their respective
official ratings: “science has moved on and it’s an A-rated boiler and nowadays
they know exactly what a rating of something is. I’m assuming my car, based on
the road tax I pay, has quite high emissions, therefore is using more energy than
a newer car would” (PS02).
Perceived energy intensity As in Study 1, participants talked vaguely of the
energy intensity required to operate the appliance. It was not clear how they were
inferring energy intensity. PS02 observed the energy intensity of the kettle and
toaster relative to other appliances on her energy monitor: “it was a real shock
when we first got it to see how much a kettle and toaster, I know they’re only on
literally for a minute at a time, but it was a real shock to see how much they were
costing” (PS02). It is possible that PS03 had also observed the intensity of fan
heaters when she had previously closely monitored her electricity meter: “I don’t
think that white goods use up an awful lot anyway really, apart from things like
fan heaters that gobble up the electricity. I think on the whole things like fridges
and that, they don’t use a lot anyway” (PS03). PS10 had also used an energy
monitor to observe his household energy consumption so he was also able to talk
about the energy intensity of appliances: “when it’s running, it’s got to be using,
if you’re doing something graphically intensive, probably 5 or 6 hundred watts,
so it’s chucking out heat” (PS10); “That’s a newish TV and that is, I think on
standby, only about a watt or two and it’s LED backlit so it’s not burning huge
amounts when it’s running” (PS10). Their perceived energy intensity appeared
to be related to their perceptions of how much energy the appliance draws and
the recognition that some appliances draw more energy than others.
6.3.2.3 Summary and implications of Theme 1
Participants sometimes inferred energy savings from the appliance consumption
alone, regardless of the measure implemented. If the appliance was perceived
to consume high amounts of energy, a measure implemented on that appliance
was perceived to save high amounts of energy. By contrast, if the appliance was
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perceived to consume only low amounts of energy, a measure implemented on
that appliance was perceived to save only low amounts of energy.
The cues participants appeared to use to infer the energy consumption of ap-
pliances were very similar to those mentioned by the participants in Study 1 (see
Chapter 3) and by van den Broek (2016). The more the appliance is used, the
more activity it performs when in operation, and certain physical characteristics,
such as being large or having a low efficiency rating, all contribute to perceptions
of the appliance consuming high amounts of energy. Although the researcher did
not ask participants about the energy consumption of appliances, the amount of
energy consumed was clearly perceived to be relevant to participants when in-
ferring how much energy is saved by energy-saving measures implemented on
the appliances. In Study 1, a minimum of three participants had to have men-
tioned an energy consumption cue for the cue to be listed in the findings of the
study. This criterion was relaxed in the present study as there was less discussion
specifically about energy consumption perceptions.
The finding that participants perceived energy-saving measures to be more ef-
fective if they were implemented on high-energy-consuming appliances regard-
less of the measure itself might imply that householders are unlikely to imple-
ment measures if they perceive appliances to consume relatively little energy in
the first place. It is known from energy research that people tend to overesti-
mate the consumption of low-energy-consuming appliances and underestimate
high-energy-consuming appliances (Lesic et al., 2018). However, tentative find-
ings from Attari, Dekay, et al. (2010) showed that their participants were more
accurate in their perceptions of energy consumption than of energy savings. This
might suggest that even if people infer energy savings from perceived energy
consumption, it is not a perfect inference. Future research would need to evalu-
ate exactly how perceptions of energy consumption are related to perceptions of
energy savings and whether perceptions of consumption are causally linked to
perceptions of savings.
6.3.3 Theme 2: Appliance-changing cues
Participants mentioned a set of cues that they used to infer energy savings based
on changes to the appliance on which the energy-saving measure is implemented.
Appliance-changing cues were based on how the appliance is changed to save
energy. According to Theme 1, participants perceived that certain properties of
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the appliances are related to how much energy the appliance consumes. It is
logical then that changing those properties in some way can reduce the amount of
energy consumed. Reducing the amount of activity produced by the appliance,
especially the amount of heating and cooling produced, was perceived to save
energy. Physical changes to the appliance itself, such as reducing its size or age
or increasing its efficiency rating were also perceived to save energy.
6.3.3.1 Reducing the amount of heating or cooling produced by the appliance
Participants perceived that large amounts of temperature change (mainly heating
but also cooling) consume large amounts of energy so reducing the amount of
heating or cooling produced by the appliance was perceived to save energy.
Reducing the amount of heating produced Reducing the amount of heating
produced by the appliance was perceived to reduce the amount of energy con-
sumed. This can be achieved by using the heat-producing appliance less or by
improving the way in which the appliance consumes heat so that it can still be
used but consuming less energy than previously. As PS01 explained, not using
the kettle or the central heating at all would save 100% of the energy they con-
sume, but that is not practical in her everyday life so she perceived that modify-
ing the amount of heat produced would enable her to continue to use them whilst
saving some energy:
things that you’re probably doing anyway: you have to boil the kettle
to get hot water, you have to have the heating on in the house. But
by, sort of, not having it too hot when you’re not here, not boiling the
whole kettle if you only want a cup, you can sort of save on the maxi-
mum amount you’re using rather than saving energy overall (PS01).
Washing laundry at lower temperatures was perceived to save energy relative
to washing at higher temperatures: “I think it saves quite a bit choosing a lower
temperature on the washing machine” (PS07). Similarly, reducing the tempera-
ture of the central heating thermostat was perceived by most participants to save
a lot of energy:
I tend to have the house quite warm, which I which I know is bad. We
tend to have it set at about 21 degrees and I think I could easily reduce
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it to about 17 degrees without suffering too much. So that could be
my biggest energy saving really (PS02).
Another modification that participants suggested can be made to reduce the
amount of heating produced by the boiler is installing insulation. This reduces
the amount of heating lost by the house and so reduces the amount of heating the
boiler has to produce:
things like double-glazing and loft insulation and cavity wall insula-
tion because they’re all, kind of, stopping heat loss. . . . they’re low-
ering the amount of energy that you’d need to use because they’re
keeping the house warmer so you don’t need to use as much gas or
electricity (PS08).
Alternatively, an appliance can be replaced completely with a more efficient
version. PS10 had replaced his gas hob with an induction hob, a more efficient
technology that reduces heat loss:
They’re much more energy efficient because almost, like 90, 95 percent
of the energy goes into heating the pan rather than the heat and flames
going round the pan and out . . . so that’s, I think, saved energy . . . If
you put a gas flame on a pan, most of the heat goes round the pan and
up (PS10).
Reducing the amount of cooling As well as reducing the amount of heating
produced, a small number of participants mentioned that reducing the amount
of cooling produced would also save energy: “You can make sure your freezer’s
full and your fridge is full and that obviously makes the temperature of them stay
the same” (PS02).
6.3.3.2 Changing the physical characteristics of the appliance
Participants perceived that changing certain physical characteristics of an appli-
ance saves energy. This typically involves replacing the appliance with one that
is smaller, newer, less energy intensive, or with a higher efficiency rating. For
example, choosing a smaller car was perceived to save energy: “I couldn’t do my
job without my car but it’s by thinking what car you have, so not having say a
really big engine, big car” (PS01); “I’ve got a car with quite a small engine and I
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only pay £25 a year tax on it. So that’s quite energy efficient compared to big gas
guzzling things” (PS03).
Choosing appliances with higher efficiency ratings (inferred from the govern-
ment car tax brackets or the mandated appliance efficiency ratings) was com-
monly perceived to save energy. Choosing a car with a lower tax rating was
perceived to save energy: “obviously there’s tax on cars that fuel guzzle so you
look that as well” (PS06); “my car, based on the road tax I pay, has quite high
emissions, therefore is using more energy than a newer car would” (PS02). Simi-
larly, choosing a more efficient rating of kitchen appliance was perceived to save
energy: “Energy-efficient appliances. . . . So, that’d be things like the dish-washer
and the washing machine, the fridge, the freezer, all those things that come with
one of those groovy little energy ratings on them” (PS01); “choosing energy-
efficient white goods, I would say, does save you 10 or 20% of your energy”
(PS07). Replacing a boiler with a low efficiency rating with a boiler with a high
efficiency rating was perceived to save energy: “we’ve got an A-rated boiler at
the moment so I think that’s energy-efficient. . . we were told our last boiler was
energy rated D” (PS02). Light bulbs also have official efficiency ratings which
were used to infer energy savings relative to the light bulbs being replaced: “you
can switch from a 60 watt bulb to a 10 watt bulb and then it’s on. If it’s on for an
hour you’re gonna use whatever it is” (PS07); “I have to go with what you’re told,
that they use about a fifth the amount of electric but the lighting quality isn’t as
good” (PS10).
6.3.3.3 Summary and implications of Theme 2
Participants could infer the effectiveness of energy-saving measures from how
the measure changed the appliance to save energy. Participants perceived that
energy is saved by measures that reduce the amount of heating and cooling pro-
duced by the appliance, that reduce the size or age of the appliance, that increase
the efficiency rating of the appliance, or some combination of these changes.
Participants’ perceptions that reducing the amount of heat produced (and,
to a lesser extent, the amount of cooling produced) by the appliance saves en-
ergy corresponds with the strong perception that producing heat (and cooling)
consumes high amounts of energy (Study 1 and Study 3 of this thesis; see also
van den Broek, 2016). While this perception that reducing the heating produced
by appliances saves energy might encourage householders to reduce their use of
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central heating and hot water, it does not help them understand the most effective
way to reduce heat production. For instance, the amount of heat produced by a
boiler can be reduced by using the boiler less (e.g. not switching on the heating
as much), using the heating differently (e.g. turning down the temperature), or
by replacing the boiler with a more efficient one. The cues explored in this theme
do not help distinguish between these different types of measures.
In general, the cues used to infer energy savings from how the appliance has
been changed to save energy correspond well with previous findings of how peo-
ple perceive the energy consumption of appliances (see Theme 1 in this study
and Theme 1 in Study 1). For example, participants perceived that large appli-
ances consumed high amounts of energy (see also Baird & Brier, 1981; Chisik,
2011; Schuitema & Steg, 2005) and also that reducing the size of an appliance
would save energy. Although there has been little previous research exploring
how householders infer the effectiveness of energy-saving measures, the corre-
spondence with previous research in this thesis and with research in the literature
provides some support to the findings presented in this theme.
6.3.4 Theme 3: Measure-based cues
Participants also mentioned a set of heuristic cues that were based on the energy-
saving measure and how it is implemented. Measure-based cues were based on
participants’ perceptions of how the measure is implemented: reducing the us-
age time of the appliance, using a more efficient appliance, and the frequency
of implementing the measure. While these cues were sometimes used alongside
some of the energy savings cues listed in Theme 2, they were also identified as
cues that could be used to infer energy savings in their own right.
6.3.4.1 Reducing the amount of time the appliance is used
Measures that involve using or running the appliance for less time than previ-
ously were perceived to save energy. The more the usage time is reduced, the
more energy was perceived to be saved. This corresponded with the perception
noted in Theme 1 that the longer an appliance is used, the more energy it con-
sumes.
Shortening the running-time of the appliance Participants perceived that short-
ening the duration of time that an appliance is switched on saves energy relative
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to leaving the appliance on. Switching off lights was commonly mentioned by
participants as a way to save energy: “not running unnecessary electrical equip-
ment for starters, like I’m fairly obsessive about turning lights off in rooms that
don’t need lighting” (PS10); “light bulbs, don’t leave them on when you’re not
in the room” (PS01). Similarly, running the hot water for less time was perceived
to save energy because less heat was produced than when the boiler was run-
ning for longer or more often: “use less hot water so obviously your boiler’s not
coming on” (PS02).
Many participants mentioned switching off appliances that have been left on
standby. For example, switching off the kitchen appliances at the wall as well
as on the appliance itself: “Things like turning the power off on the dishwasher
and the washing machine when they’re not on would save energy because then
obviously they’re not using anything while they’re turned off” (PS01); “leaving
appliances on standby, I don’t know if that makes any difference whatsoever. I’ve
heard that you shouldn’t leave them on standby” (PS04).
Relating reductions in usage time to energy savings In general, participants
perceived that the longer an appliance is on, the more energy it consumes and
so reducing the usage directly reduces the amount of energy consumed. PS09
described how more or fewer days of usage linearly increased or decreased the
amount of energy consumed:
the bigger type battery ones will take about a £1 a day. So you’re look-
ing at seven quid, seven quid a week, which is quite a high rating
when you work it out for 52 weeks of a year. . . . if you’ve got some-
body that only goes out on the scooter, say, once or twice a week, it’s
only going to cost them, say, three or four pound. (PS09).
Similarly, PS07 estimated that driving his car one day less out of five days each
week would save him a linear proportion of the energy consumed by driving the
full five days each week: “if I didn’t drive to work that day, for one of those 4
days, that’d be 20% of the week, wouldn’t it?” (PS07).
In certain cases, however, participants explained how the energy consumption
is high when the appliance is first switched on and then runs at a lower level or
nothing at all after the first few minutes. For example, PS05 described how his hot
water system meant that the boiler heats up all the water up-front, so shortening
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the shower would not necessarily reduce the amount of water heated up because
the water has already been heated:
Shortening the shower time, I think that’s dependent on how short
a shower you’re talking about. If you’re talking of shortening it by
about a minute, I don’t think it’s gonna save a huge amount because
the energy’s heating up the water in the first place isn’t it? (PS05).
Some participants perceived the earliest part of a car journey to be the least effi-
cient so short journeys were perceived to consume proportionately more energy
than longer journeys over the same distance: “The catalytic converter only works
when it’s hot, so you need to do quite a long journey before the cat converter gets
hot enough to do its job properly. . . . So, basically, it’s walk don’t drive for short
trips” (PS10).
The idea that energy is saved by reducing usage appeared to be more intu-
itive to participants than saving energy by making the appliance more efficient:
“obviously less car journeys is just simple but having the tyre pressure and the
boot full never really thought about it before until he actually had it on TV and
it was like actually that makes sense” (PS02). Similarly, when asked how she
could save energy with her car, PS04 focused first on reducing the usage of her
car before considering an efficiency improvement: “Oh, I wish I could find one!
I don’t seem to. God, not when you’ve got kids to run after all the time. Petrol
costs a fortune. I s’pose you could change your car to get a nice eco-friendly one”
(PS04). If energy consumption is inferred to be (usually) linearly related to the
usage of the appliance (see Theme 1 in Study 1, Chapter 3), reducing the usage
of the appliance then makes it relatively easy to predict the related reduction in
energy consumption.
Not switching on appliances Participants perceived that when an appliance is
switched on it is consuming energy, so energy can be saved by not switching
the appliance on. For example, avoiding using the tumble dryer was suggested
as a way to save energy: “Don’t use it. Put your washing on the line. . . . It is
something that I’m aware that does use up an awful lot of electricity” (PS06) or
just avoiding using appliances in general:
I only have my heating on when I need to.. . . And I only have my hot
water on for an hour a day. Cos I’ve got an electric shower. . . . My
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cooker is gas but I don’t do much cooking as I tend to go to my Mum’s
for dinner. . . . So I save as much as I can by not having it on (PS04).
Finding a non-energy-consuming alternative to using the appliance was sug-
gested in other contexts such as using a hand-mower in the garden instead of
an electrical lawn mower or using a manual carpet sweeper instead of the vac-
uum cleaner: “We run the hoover. That’s not very often because we’ve also got,
like, a couple of carpet sweepers. We use that quite often” (PS09).
Not owning appliances Participants perceived that getting rid of appliances or
never owning them in the first place ensures that they are no longer switched on
and consuming energy for the household. Not owning an appliance was some-
times perceived as a way of saving energy. For example, PS06 mentioned how her
household owned and used more appliances since they had children and so were
not able to save as much energy as they had done previously: “I was going to say,
actually, that’s another thing [tumble dryer] we never had before children . . . Or
the dishwasher” (PS06); they tried to save energy instead by reducing the number
of cars they owned: “Got rid of one car, so that’s how we’ve made adjustments in
that way” (PS06).
6.3.4.2 How long the efficient appliance is used or is switched on
While some measures were perceived to save energy by reducing the amount
of time the appliance is in use, other energy-saving measures were perceived to
improve the efficiency of the appliance which enables the householder to save en-
ergy whilst continuing to use it. For example, a central heating boiler can made
more efficient in some way so that it reduces the amount of energy consumed to
produce heating. This can be by reducing the temperature of the thermostat or by
replacing the boiler with a more efficient one. Unlike the measure of switching off
the boiler completely, which saves energy by not being in use, participants per-
ceived that measures that improve efficiency cannot save energy if the appliance
is not in use. What was perceived to matter was: “how long it’s saving energy
for. How much of the day, everyday, it’s saving energy for. . . . So light bulbs are
only on at night. And loft insulation is only useful from, well hopefully, from
September to March” (PS07). Efficiency measures were perceived to only save
energy if the appliance continued to be used after the efficiency improvement.
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Efficiency measures such as packing the fridge or freezer well so that the tem-
perature did not change too much were perceived only to be effective if the ap-
pliance was in use. PS02 perceived that the fridge and freezer were only in use
when the door opened (see also Study 1 for similar complex perceptions of how
fridges and freezers consume energy): “I’ve put that to the left as saving the least
because it only comes into play every time you open your fridge or your freezer
and I’m assuming I open that the least” (PS02).
Participants perceived that efficiency measures that could be installed and
then ignored continued to save energy as long as they were on or in use: “you
don’t have to think about them any more. They’re done.” (PS08); “they’re, sort
of, things that are built into the house probably so they’re something that once
they’re there you don’t think about them any more” (PS01); “I’m going to sug-
gest that replacing filament bulbs with low-energy bulbs saves, I’m gonna say,
five times as much energy because you can switch from a 60 watt bulb to a 10
watt bulb and then it’s on” (PS07).
PS07 compared the effectiveness of two of his efficiency-related measures,
“Driving more energy efficiently” and “Double glazing”, based on the relative
amounts of time that he perceived each measure to be saving energy. Although
double-glazing is installed and then stays in place continuously, PS07 perceived
it to only be actually saving energy during the colder months when the central
heating is on and the house needs the heat to be retained:
I would say driving more efficiently will save me more. Well, will save
more energy because I have to do it all the time. And whatever the
weather, I’m gonna be driving whereas, with double-glazing, that’s
a warmth-saving thing, which I’m not interested in half of the year
(PS07).
PS01 made a similar comparison of the savings from efficient appliances and in-
stalling insulation, concluding on the basis that she perceived that insulation is
in use all of the time (unlike PS07) that insulation saves more energy than the
efficient appliances: “these ones are not on all the times: the [efficient] appliances
are not there all the time. Whereas, permanently, once you’ve got the insulation
you’ve got the windows, they’re there saving energy day in day out everyday of
the year” (PS01).
There was a conflict between the idea of saving energy by reducing usage
of the appliance and saving energy by continuing to use an efficiency-improved
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appliance: at what point does reducing the usage of an efficiency-improved ap-
pliance save more energy than continuing to use the efficient appliance? PS08
perceived that it was better to improve efficiency so that energy savings were
made while the appliance is in use but then to switch off the appliance as much
as possible so that it is not consuming any energy at all: “if you have low-energy
bulbs you’re doing both anyway aren’t you? You’re thinking about switching
them off and you’ve got low energy, so that’s like a a double-whammy” (PS08).
Most participants, however, perceived that there was little benefit implementing
a second energy-saving measures on an appliance that was already considered to
be efficient or little used. For example, when asked which of her measures would
save the least, PS03 mentioned measures that involve switching off appliances
that have already been made efficient and so are already saving energy anyway:
“not using the tumble dryer in the summer or switching off lights because if we’re
using energy-saving light-bulbs anyway that’s probably not saving very much”
(PS03). When discussing why not using the tumble dryer would be ineffective,
she explained: “I would’ve thought not using the tumble dryer in the summer is
pretty low. I think these days modern appliances are much more efficient than
the old ones” (PS03).
6.3.4.3 Frequency of implementing the measure
Another measure-based cue mentioned by participants was the perception that
the amount of energy saved by a measure could be inferred from how often
the measure needs to be implemented. Some measures, such as switching off
the lights, must be implemented repetitively: every time the lights are on there
needs to be a conscious awareness and judgement of when the lights could be
switched off in order to save energy. Other measures are implemented once
and then only very occasionally in future if ever, such as replacing light bulbs
with more efficient ones or installing insulation. Some participants inferred that
the frequency of implementation of measures is related to the amount of energy
saved by the measures: “they’re all daily things that you’re doing in your house.
They’re probably all very similar [energy savings] because you’re using them
all the time” (PS06). Some participants perceived frequently implemented mea-
sures to be highly effective at saving energy. PS08 ranked “switching off lights”,
and “switching off TV” highly: “these are more actions, aren’t they, that you
do repeatedly so you have to get into the habit of thinking ‘must switch off the
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telly, must switch off the computer and switch off the lights’” (PS08). In contrast,
she ranked most of her infrequent (implement once and rarely again) measures
lower: “because we don’t do it very often” (PS08). PS08 did recognise a conflict
between her perception that frequent measures save more energy than infrequent
measures in that she also perceived efficiency improvements to continue to save
energy even without further implementation:
checking energy ratings on appliances, I guess, hmm well I was gonna
say that that would not save very much energy because you don’t
change your appliances very often but, actually, I guess once, if you
buy a good energy rating on an appliance, you’ve got that for a long
time then, haven’t you? So maybe you’re saving energy over long
term (PS08).
Ultimately, though, she mostly ranked her frequently implemented measures as
more effective than her infrequent measures.
Participants who perceived frequent measures to be more effective seemed to
perceive that the householder was actively saving intensive amounts of energy
rather than just letting energy be saved passively in the background. PS01 ranked
her energy-saving measures with the frequent measures as the most effective and
the infrequent efficiency measures as the least effective: “look at how I’ve got
them. I’ve, sort of, got the background things down the bottom end. . . . And up
this end is more the things that are sporadic that you use when you need them”
(PS01). She perceived that infrequent efficiency measures
probably save a fairly low amount overall, particularly something like
the appliances that aren’t really on all the time. . . So I thought they
probably just go along in the background just saving a little bit every
day rather than big amounts all at once (PS01).
6.3.4.4 Summary and implications of Theme 3
Participants mentioned a set of cues used to infer the energy savings of measures
that were based on the measures themselves. They could infer energy savings
from how much the measure reduced the amount of time the appliance is in use,
how long an efficiency measure is saving energy, and how frequently the measure
is implemented. These three cues are each applicable only to certain types of
energy-saving measures.
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Participants inferred energy savings from how they perceived appliance us-
age time to relate to how the measure saves energy. Some measures (e.g. switch-
ing off the lights, driving the car less, avoiding using the tumble dryer) were per-
ceived to save more energy the greater the reduction in usage of the appliance (i.e.
the less time the appliance is used, the less energy is consumed). Other measures
(e.g. installing energy-saving light bulbs, driving more efficiently, replacing the
tumble dryer with a more efficient one) improve the efficiency of the appliance
and were perceived to save energy while they are in use, so using the appliance
less as well as implementing efficiency-improving measures was often perceived
to actually reduce the effectiveness of the efficiency-improving measure.
The perception that reducing the amount of time an appliance is in use saves
energy corresponds with the perception documented in Theme 1 (and in Theme
1 of Study 1) that the more an appliance is used, the more energy it consumes (see
also Chisik, 2011; Kempton & Montgomery, 1982). This idea is intuitively appeal-
ing and it is easy for a householder to attempt to estimate the amount of energy
saved if they already have a perception of how much energy is consumed by the
appliance over time. Saving energy by reducing the amount an appliance is used
or switched on is a common form of curtailment measure (Gardner & Stern, 2008;
Karlin et al., 2014). Householders have been found to tend to prefer (mention
more often) curtailment rather than efficiency measures, and to overestimate the
savings of curtailment measures whilst underestimating the savings of efficiency
measures (Becker et al., 1979; Kempton et al., 1985; Lesic et al., 2018). It is pos-
sible that the energy savings of most curtailment measures are easier to perceive
or imagine than most efficiency measures in which the amount of energy saved
is less obvious without having a technical understanding of what makes the ap-
pliance more efficient.
There was also a perception that efficiency-improved appliances must be used
for the efficiency improvement to be effective at saving energy. Switching off ap-
pliances that have already been made more efficient (by changing how it is used
or by replacing it) was seen as relative ineffective. While, in some cases, it is ar-
guable that this perception was based in perceptions of the appliance consump-
tion (i.e. reducing the consumption of a low-consuming appliance is relatively
ineffective; see Theme 1), in other cases, participants were claiming that the effec-
tiveness of an efficient appliance could be inferred from how much that efficient
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appliance was used. A potential implication of this perception is that house-
holders who have replaced their appliances with more efficient ones might then
perceive that they will save more energy by using the appliances more and end
up consuming the same or even more energy than they did in the first place. This
implication should be explored further as a potential, non-economic, contribu-
tor to the well-known rebound effect in which householders “take back” some of
the energy savings they have made by using their more efficient appliances more
(Sorrell et al., 2009).
The finding that participants inferred energy savings from whether a mea-
sure needs implementing frequently or infrequently supports the expert-led cat-
egorisation in the energy conservation literature of energy-saving measures (e.g.
Gardner & Stern, 2008). Participants in the present study differentiated between
measures that saved energy through frequent implementation (e.g. switching off
the lights, driving more efficiently), which is similar to the description of curtail-
ment measures (see e.g. Karlin et al., 2014), and measures that continue to save
energy after being implemented once (e.g. replacing the car with a more efficient
one), which is similar to the description of efficiency measures (see e.g. Karlin et al.,
2014). Karlin et al. (2014) found that definitions of curtailment and efficiency mea-
sures used in the literature are based largely on the frequency of implementing
the measure. Although Truelove and Gillis (2018) found that householders them-
selves did not explicitly mention frequency of implementation, they did find that
householders considered high-frequency behaviours to be more convenient and
take less time than infrequent behaviours. In the present study, this perception of
the amount of effort required to implement measures might have influenced par-
ticipants’ perceptions of the effectiveness of the measures. This potential link be-
tween perceived effort and perceived effectiveness should be investigated further
in future research. Participants in the present study varied in their perceptions of
the amount of energy saved by implementing measures frequently versus infre-
quently. Some participants (e.g. PS01, PS08, PS02, and PS05) tended to perceive
that frequent measures save more energy than infrequent measures. One par-
ticipant, PS05, mentioned only measures that involved frequent implementation
and no infrequent measures at all (see Table 6.3). Other participants, however,
(e.g. PS03) tended to perceive that frequent measures were less effective than
infrequent measures. So there were differences in perceptions between partici-
pants.
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These three energy savings cues (usage reduction cue, efficiency usage cue,
measure frequency cue) interact in how they logically lead to inferences of which
are the most effective energy-saving measures to implement. Some measures re-
quire frequent implementation and save energy by reducing the usage time of
the appliance (e.g. switching off the lights, driving the car less), some measures
require infrequent implementations and improve the efficiency of the appliance
so that they save energy while the appliance is in use (e.g. replacing the wash-
ing machine with a more efficient one, installing energy-saving light bulbs), and
some measures require frequent implementation but save energy through effi-
ciency improvements while the appliance is in use (e.g. driving more efficiently,
reducing the temperature of the washing machine cycle). These three types of
measures can be described as using the appliance less (“use less”), using the ap-
pliance differently (“use differently”), and replacing the appliance with a more
efficient one (“replace”). While these descriptions of “types” of energy-saving
measures are not necessarily concepts that householders hold, they are useful for
capturing the different perceptions participants had of how the measures save
energy. Moreover, the categorisations of measures are useful for designing quan-
titative studies to further explore participants’ perceptions of energy-saving mea-
sures and are used for this purpose in the set of exploratory studies (Studies 4A,
4B, & 4C) reported in Chapter 7 of this thesis. The three types of measures are
similar to the curtailment and efficiency measure definitions used in the literature
with the “use differently” measures overlapping the curtailment and efficiency
definitions (Gardner & Stern, 2008; Karlin et al., 2014). Table 6.4 summarises the
cues identified in Themes 1, 2, and 3.
6.3.5 Theme 4: Inferring and comparing energy savings from
multiple cues
Participants often used more than one cue to infer the amount of energy saved
by an energy-saving measure. As when inferring the energy consumption of ap-
pliances (see Theme 2 in Study 1, Chapter 3), if two (or more) cues were used
and led to contradictory inferences about the amount of energy saved by a mea-
sure, the person had to resolve the contradiction before they could complete their
judgement. Comparing the relative energy savings of two different measures just
increased this complexity.
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Table 6.4: Energy savings cues mentioned by participants in Study 3.
Cue No. of
participants
Participants
Appliance consumption 9 PS01, PS02, PS03, PS05, PS06, PS07,
PS08, PS09, PS10
Heat reduction 10 PS01, PS02, PS03, PS04, PS05, PS06,
PS07, PS08, PS09, PS10
Cooling reduction 3 PS02, PS03, PS10
Size reduction 6 PS01, PS03, PS05, PS06, PS09, PS10
Age reduction 7 PS01, PS02, PS03, PS06, PS07, PS08,
PS10
Efficiency improvement 6 PS01, PS02, PS03, PS06, PS07, PS08
Usage reduction 10 PS01, PS02, PS03, PS04, PS05, PS06,
PS07, PS08, PS09, PS10
Efficiency usage (duration
that the efficient measure
saves energy)
7 PS01, PS02, PS06, PS07, PS08, PS09,
PS10
Measure frequency 6 PS01, PS02, PS06, PS07, PS08, PS09
6.3.5.1 Resolving conflicting inferences about a single measure
Participants were confused by conflicting inferences and were not able to infer
energy savings from measures unless they could resolve the conflicts. Conflict-
ing inferences about energy consumption and energy saving contributed to the
confusion. For example, participants generally perceived that using an appliance
for a short duration consumes little energy and using an appliance for a long du-
ration consumes a lot of energy (see Theme 1 of the present study and Theme 1 in
Study 1). This belief caused confusion when trying to infer the energy savings of
“eco” programmes on dishwashers because the eco programme usually run for
longer than the non-eco programme. Participants expected the more efficient eco
programme to consume less energy by running for a shorter time than the stan-
dard programme. They were confused when they realised that the dishwasher
was operating and consuming energy for a longer, not shorter, amount of time
when the eco programme was selected: “I’m really not sure, if something takes
longer and is on for longer, how can it be more eco-friendly?” (PS06).
Another similarly confused participant wondered if the difference between
the two programmes was the amount of heat produced. He perceived that reduc-
ing the temperature of the washing machine was an effective way to save energy
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and reasoned that maybe the the eco setting on the dishwasher also operated at a
lower temperature and so saved energy that way, despite it running for longer:
I think it saves quite a bit choosing a lower temperature on the wash-
ing machine . . . But with our dishwasher we tend to use the energy
efficient programme. But the washer is on for two-and-a-half hours
rather than an hour-and-a-half. So I can’t, I’m trusting that it is an
energy-efficient programme because it says it is. But I wonder whether
it’s using more water or something to . . . It’s literally just an E button
you know. You just choose the programme and away it goes. So I as-
sume the shorter one is hotter. But I don’t have any evidence for that
(PS07).
PS07 concluded that he just had to trust that the eco programme is more effi-
cient than the standard programme and that reducing the temperature of the pro-
gramme saves energy despite running for longer. PS06, however, was unable to
think of a reason why the eco programme would save energy if it runs for longer
and she did not trust its effectiveness. After initially trying the eco programme,
she had stopped using it: “I did a lot originally when I first had it but now just
everything goes on fast. Cos I did figure if it takes an hour-and-a-half for eco and
an hour for fast, how can it be eco-friendly when it’s on that much longer? But I
don’t know” (PS06).
Participants also demonstrated confusion about conflicting cues when trying
to understand how to use their boilers in the most energy-efficient way. Longer
durations of use and greater heat production were perceived to consume more
energy than shorter durations and less heat production. PS08 wondered whether
she should reduce the amount of time that the central heating boiler was in use
but then it would have to produce more heat to warm up a colder house. Alter-
natively, she could leave the heating on at a low temperature for a longer period
of time so that there would be less heat needed to warm up the house but the
boiler would be running for longer:
something I’m never quite sure about: whether it’s better to have it
down low for longer periods of time or keep switching it on and off.
I can never find the answer to this: whether it uses more energy in,
kind of, heating up and, kind of, getting going, or whether it uses
more energy if you just keep it on low? (PS08).
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PS02 had similar concerns about her hot water boiler because she perceived that
appliances used frequently and appliances used for long periods of time would
consume more energy. She was confused about whether, to use the boiler more
energy-efficiently, she should reduce the frequency of use and increase the dura-
tion or reduce the duration of use and increase the frequency:
my boiler again. I’m told it’s energy efficient and I’ve been given a
rating for it but it would be useful for someone to actually sit down
and say to me this is how you should use it. . . So if I’m going to have
the boiler going for, say, hot water for the children’s baths, is it more
efficient to have it going for other things as well at the same time or
by just making the boiler kick in as and when needed? (PS02).
Neither PS08 nor PS02 could judge which approach would save the most energy.
Conflicting inferences from cues led to doubt and confusion about the effec-
tiveness of measures. This uncertainty sometimes led to not implementing an
energy-saving measure at all. Research has shown a link between the perceived
effectiveness of energy-saving measures and people’s intentions to implement
the measures (Truelove & Parks, 2012).
6.3.5.2 Comparing relative energy savings of two measures
When comparing the effectiveness of two energy-saving measures, participants
had to make two sets of comparisons. They had to infer the amount of energy
saved by implementing each measure, comparing the before and after amount
of energy consumed by each appliance. Then they had to compare the inferred
energy savings with each other to decide which measure saves the most energy.
In the examples discussed in Themes 1, 2, and 3, participants appeared to use
a range of cues based on the perceived appliance energy consumption, how the
measure changes the appliance, or features of the measure itself, to infer the sav-
ings of individual measures. In all three of the following examples, in which
participants were comparing the relative savings of two measures, they tended
to base their judgements on how much energy the appliance consumed prior to
the measure being implemented, ignoring (to some extent) the measure itself.
(high consumption → no consumption) > (low consumption → no consump-
tion) The “walking and taking bus rather than car” measure was perceived to
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save more energy than “not leaving appliances on standby” because PS03 in-
ferred that her car consumed more energy than the appliances on standby. She in-
ferred that, despite her car being small and efficient (implying low consumption)
it required a high energy intensity to operate relative to appliances on standby.
The appliances on standby she inferred to consume little energy because they
do nothing except display red indicator lights (implying low consumption). She
concluded that reducing the amount of time the car is in use saves more energy
than reducing the amount of time the appliances are on standby:
Oh, a lot more I s’pose. . . . I’ve got a car with quite a small engine
and I only pay £25 a year tax on it. So that’s quite energy efficient
compared to big gas guzzling things. But yes, I would’ve thought not
very much more. . . . it’s a combustion engine whereas leaving appli-
ances on standby is just using up electricity. Apart from you know
it’s just leaving the lights on isn’t it. So I would’ve thought that you
would save more, yes, I mean a combustion engine is obviously more
powerful so, yeah, you probably would save a lot more energy than
just leaving the red lights on. I don’t know I hadn’t really thought
about it before (PS03).
(high consumption→ low consumption) > (low consumption→ low consump-
tion) The “fuel-efficient car” measure was perceived to save more energy than
“not having heating too high” because PS01 inferred that the inefficient car she
was (hypothetically) replacing with an efficient car would consume much higher
amounts of energy than the central heating boiler. She inferred the relative en-
ergy consumption of each appliance mainly from the relative amounts of use of
each: she used the car more than the heating and so perceived the car to consume
more energy. From that she concluded that the car-based measure would save
more energy than the heating-based measure:
I have to use my car quite a lot. I go out and I drive quite a lot so if
I had a petrol guzzler it would cost me an absolute fortune. Whereas
I think particularly in this house it stays quite warm anyway because
we’ve got loft insulation and double-glazed windows so it’s just about
how much higher you have it and what we would tend to do is when
we’re not here leave the heating off. If we’re here in an evening turn
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it up a bit higher if we’re feeling cold. So I would think actually the
car saves me quite a bit more than the heating. . . . Maybe half as much
again? (PS01).
(high consumption→ low consumption) > (low consumption→ low consump-
tion) The “less car journeys” measure was perceived to save more energy than
“boil water - only what’s needed” because PS02 inferred that her old, inefficient,
regularly used car consumed far more energy than her rarely-used kettle. She
perceived that reducing the use of the high-consuming car saves more energy
than making her occasional use of the kettle more efficient:
I s’pose taking less car journeys would probably save the most. I gen-
erally use my car every day with the two children. . . last summer, for
instance, I wasn’t using my car at all because I could walk to play-
group and walk to other things and wasn’t filling my car up. In the
winter months I’d generally put probably about £70 a fortnight in my
car so that was quite a saving. . . . And the one that’s probably the less
is probably boiling the water because obviously it varies on how many
times you boil the kettle a day. Not being a great tea or coffee drinker
it’s probably only boiled for like baby milk and things like that so it’s
probably the least (PS02).
It is also possible to interpret her comments about the kettle in terms of inferring
low savings because she implemented the measure very infrequently or because
the measure was not able to save much energy because the kettle was used very
little. This demonstrates how more detailed explorations of participants’ infer-
ences would have been more useful in helping to tease apart the cues they were
using to make their judgements.
Comparing measures implemented on the same appliance In all three of the
above examples, the two appliances on which the measures are implemented are
different. In all three comparisons, one of the appliances is a car and the other
is an indoor appliance (kitchen appliances, boiler, or kettle). It is likely that a car
is perceived to have so much higher consumption than any other appliance that
using the energy consumption of the appliances as the cue to infer and compare
the measures is the easiest option. In a comparison where both measures are im-
plemented on a car, the participant was still able to differentiate the measures but
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has to use other cues. In the following comparison, PS07 seemed to differenti-
ate the two measures based on how the usage of the appliance related to energy
savings; that is, he assigned 10% energy savings to the efficiency measure and
compared that to the 100% energy savings he perceived by reducing the use of
the car to zero for one day:
comparing the two, I would say that driving more efficiently will save
me, I don’t know, save 10% of the energy that I would spend driving
to work and back, whereas driving less would save me 100% of that
energy on that particular journey (PS07).
PS07 was the only participant who tried to estimate how much energy was
actually saved by efficiency measures: he seemed to just place a figure of 10%
energy savings on any efficiency measure. For example, as well as estimating
driving more efficiently to save 10% of his car energy consumption, he perceived
that replacing a kitchen appliance with a more efficient one would save similar
amounts: “I’m thinking how much energy I actually save by choosing an energy-
efficient washing machine over a normal washing machine . . . choosing energy-
efficient white goods, I would say, does save you 10 or 20% of your energy”
(PS07). He was unable to judge the relative savings of using the washing ma-
chine more efficiently (by washing at a lower temperature) and replacing kitchen
appliances with more efficient ones, possibly because his rule of 10% applies to
both: “I’d say they were similar but, no, I don’t have a perception of how much
more energy I would save using energy efficient washing programmes rather
than choosing energy efficient white goods” (PS07). It was not clear if other par-
ticipants used a similar rule of thumb to help them judge the relative savings
of efficiency measures but it seemed a more difficult inference to make than in-
ferring the amount of energy saved by simply using the appliance for less time.
Ultimately, he inferred that using an appliance less (which can save up to 100%
of energy consumption) saves more than an efficiency improvement to the same
appliance (which, in his perceptions, can save only up to 10% of energy consump-
tion).
6.3.5.3 Summary and implications of Theme 4
Theme 4 demonstrated some similarities to Theme 2 in Study 1, showing how
participants sometimes used multiple cues to infer energy savings. As when
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inferring energy consumption, participants sometimes had to resolve conflict-
ing inferences of energy savings when using multiple cues to make their judge-
ments. Comparing the effectiveness of two different measures was a complex
task and participants appeared to save effort by ignoring the measure itself and
making their judgements based on which appliance consumed the most energy
prior to implementing the measure. When both measures were implemented on
the same appliance, and so the prior consumption level was the same for both
measures, participants perhaps focused more on measure-based cues to differen-
tiate between the two measures and make their judgements. The interpretations
of how participants judged the relative effectiveness of two measures are tenta-
tive because only a limited number of examples of comparative judgements were
available.
Unlike in the judgements made in the examples in Themes 2 and 3 which
spanned a range of the appliances discussed across all ten interviews, the first
three judgements discussed in Theme 4 all involved comparing a car-based mea-
sure with an indoor household appliance-based measure. This inclusion of cars
in all three comparisons might be coincidental or it might be indicative of par-
ticipants being unable to make and express reasoned comparisons of measures
on appliances that are perceived to be more similar in their energy consump-
tion. Without further, more detailed, interviews it is not possible to draw strong
conclusions about how householders make energy savings judgements based on
multiple cues and how similar or different such judgements are to the energy
consumption judgements discussed in Theme 3 of Study 1. It seems, however,
that participants were taking similar approaches to simplifying judgements of
energy savings as they did to simplify judgements of energy consumption: they
used as few cues as possible until they could satisfactorily differentiate between
the two options. This aligns with heuristic theories such as the “less-is-more”
effect in which people make judgements using as little information as they can
(Gigerenzer & Goldstein, 1999).
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6.3.6 Theme 5: Constructing comparisons to infer energy sav-
ings
While inferring energy consumption and energy saving are both complex tasks,
there are differences that make the energy-saving judgements even more com-
plex. When inferring the amount of energy consumed by an appliance (as de-
scribed in Study 1), participants inferred the amount of energy consumed over a
period of time. When inferring the amount of energy saved by a measure, par-
ticipants had to compare the amount of energy not consumed over a period of
time after implementing the measure with the amount of energy consumed over
a period of time before implementing the measure. Inferring energy savings is
more complex than inferring energy consumption. Additional complexity be-
comes clear when considering how the periods of time are defined. When in-
ferring energy consumption, the period of time is any time that the householder
selects but it is fairly clear what the householder is estimating. For example, esti-
mating the energy consumption of a washing machine during one week is fairly
clear; estimating the energy consumption of a central heating boiler might vary
between winter and summer months but, as long as the season is mentioned, it is
clear what period of time is being estimated. When inferring any energy savings,
two periods of time must be defined: the period of time before implementing the
measure and the period of time after, during which the amount of energy not
consumed is inferred relative to the amount of energy consumed previously. The
periods of time selected influence the inference made about the energy savings.
For example, the amount of energy saved from the boiler by installing insula-
tion is probably more if the pre-measure consumption is inferred from a period
of time in the winter months than from a period of time in the summer months.
Householders do not always have experience of one of the comparison periods
that they need to use and so have to make a hypothetical judgement. This theme
provides examples of the varying comparisons participants constructed in order
to infer energy savings.
6.3.6.1 Comparing with examples from past experience
In some cases, participants did have past experience of the energy consumption
of the appliance before the measure was implemented and so could make an in-
ference about the energy savings based on that experience. For example, when
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inferring the amount of energy saved by installing insulation, PS10 drew on per-
sonal experience of having lived in a house without insulation and compares it
with his current, insulated house:
If you have no cavity [insulation], no loft or poor loft, you will lose
a hell of a lot because the heating would be cranked up just to keep
it tolerable and it’s wasted. . . . I couldn’t possibly tell you how many
kilowatts of energy you’d save but it’s got to be hugely more than
lighting. . . . I’ve lived in a house without insulation and, within half-
an-hour of the heating going off, you’re starting to feel uncomfortable.
It’s gone. Whereas here, because it’s double-glazed and insulated and
all the rest of it, heating goes off at 9 and the house is warm till the
next morning. . . . So it makes a huge difference (PS10).
Other participants also inferred savings from implementing a measure rela-
tive to past experience: “we’ve turned our washing-machine on to cold so it only
takes a cold water feed now. . . . Our monthly bills have gone down by about ten
pounds a month just because it’s not sourcing hot water” (PS02); “I think one
thing that’s definitely impacted us is that we did have two cars. We’ve only got
one now” (PS06). One participant even pointed out that she could not estimate
the effectiveness of installing energy-saving light bulbs because she was aware
that she did not have any experience of living without them: “I’ve got energy-
saving bulbs, so, I don’t think they, I don’t know, I mean, they were already in the
house” (PS04).
Participants’ perceptions of the energy savings were not necessarily accurate
but they were constrained, to some extent, by being based on a real-life compari-
son.
6.3.6.2 Comparing with an alternative reality
If real-life past experience is not available to the householder, they must find an
alternative comparison to be able to make the judgement. In some cases, partic-
ipants imagined an alternative reality in order to infer energy savings. The al-
ternative reality that is constructed potentially influences the householder’s per-
ception of how much energy is saved by the measure. For example, having a
fuel-efficient car was perceived to save a large amount of fuel when compared
with a less efficient car: “I have to use my car quite a lot. I go out and I drive
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quite a lot so if I had a petrol guzzler it would cost me an absolute fortune”
(PS01). However, PS01 implied that the “petrol guzzler” was hypothetical and
not a previously owned car. The extent to which she perceived the imaginary car
to guzzle petrol potentially influenced the amount of fuel saved by driving her
real-life fuel-efficient car. In fact, PS03 made a similar inference about her own ef-
ficient car: “I’ve got a car with quite a small engine and I only pay £25 a year tax
on it. So that’s quite energy efficient compared to big gas guzzling things” (PS03)
when, in reality, her efficient car was replacing having no car at all:“I s’pose we
try not to use the car as much but, having said that, since we’ve down here we
had to get a second car. So that’s not very good” (PS03). Buying and driving her
efficient second car actually increased her household fuel consumption. Again,
the comparison constructed by the participant influenced how much energy the
measure of driving an efficient car saved. She partially acknowledged this in-
fluence when considering savings for driving her small car less or for driving a
bigger car less and comparing them to installing solar panels: “you would save
even more [by driving less] if I had a bigger car, yes, yes. But then I should imag-
ine you’d probably save twice as much [by installing solar panels versus driving
less], not three times as much” (PS03).
Inferring savings by constructing comparisons with an imagined alternative
reality was done by several participants across several different measures. For
example, PS08 inferred the savings of replacing kitchen appliances with highly
efficient ones relative to imagining buying lower efficiency appliances “over what
you could potentially have had if you’d a different energy rating” (PS08). PS07
imagined a house with no loft insulation to compare with having loft insulation.
He could, alternatively, have imagined a house with only minimal loft insulation
which would have led to an inference of lower energy savings: “in winter time,
heat rises and it’s a big house and leaving the lid off the house, which is how I
perceive no loft insulation, I’m going to have to spend a lot of money heating the
house and keeping it warm in that situation” (PS07).
Some participants made comparisons by inferring energy savings from doing
something that they implied they would never actually do in reality:
every time I went to have a cup of tea or make something with the
kettle, if I filled it to the top every single time and then say threw
the water away in-between and boiled the whole lot again that would
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probably just amount to more overall than just the background of the
loft insulation (PS01);
“if there were greater usage of the lights, then it would save more by having the
energy-saving bulbs” (PS10).
Of course, many comparisons for inferring energy savings have to be against
hypothetical alternative realities because few households are able to test the sav-
ings in a controlled experiment, especially when making an estimate during an
interview. It is important to consider, however, because the choice of hypothetical
reality potentially makes a difference to their perceptions of savings.
6.3.6.3 Extent to which the measure is implemented
Some participants demonstrated an awareness of the hypothetical nature of the
comparisons they made to infer energy savings and that the choice of compar-
isons could influence the amount of energy savings inferred. In particular, some
participants perceived that the amount of energy saved by a measure depends
on the extent to which the measure is implemented. Participants perceived the
effectiveness of the measure to depend on how much less they used their car: “ob-
viously it’s relative depending on how much you walk and take the bus rather
than use the car or how far you’re going” (PS03); how much thicker they in-
creased their loft insulation and how many energy-saving bulbs they installed: “I
guess that would depend on how thick your loft insulation was and how many
low-energy bulbs you had, whether your entire house was low energy bulbs or
just a few” (PS08); how much less time they pre-heated the oven for: “it depends
how long you leave the oven on. If you leave it on for 20 minutes then, yeah”
(PS05); how much lower they set the central heating thermostat: “I should imag-
ine you could save a fair bit if you did it. Depending on how much you turned it
down” (PS03).
6.3.6.4 Summary and implications of Theme 5
Inferences of energy savings from measures can be influenced by the compar-
isons constructed between pre-measure and post-measure energy consumption.
It is not clear whether inferences based on actual past experience were any more
accurate than inferences based on alternative realities. The important point is
that how the comparisons are constructed is flexible and logically influences the
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energy savings inferred. If a householder wants to feel that their energy-saving
efforts have been successful, they can compare the post-measure consumption
with a period of time during which they think their energy consumption was par-
ticularly high or they can imagine a scenario in which their energy consumption
would be particularly high. Alternatively, if they want to feel that their energy-
saving efforts were not successful because, say, the measure is inconvenient to
implement, they can compare the post-measure consumption with a period of
time or scenario in which they think their energy consumption was particularly
low. While some participants indicated an awareness of the flexibility in the def-
inition of the comparisons, it would take effort to clearly define every factor rel-
evant to the comparison and motivation to select one definition over another. It
is much easier to save effort and make judgements based on greatly simplified
comparisons.
6.4 Discussion
Five themes were constructed using thematic analysis to capture how partici-
pants inferred and compared the effectiveness of common energy-saving mea-
sures and the complexities they faced in making the judgements.
6.4.1 Energy savings cues identified
Themes 1–3 identified three sets of heuristic cues that participants used to infer
how much energy is saved by energy-saving measures. The appliance consump-
tion cue was used to infer energy savings from the energy consumption of the
appliance on which the measure is implemented. The greater the perceived con-
sumption, the greater the perceived savings. The appliance-changing cues were
used to infer energy savings from the way in which the measure changes the ap-
pliance in order to save energy. This included inferring energy savings from the
reduction in heat produced by the appliance, and the reduction in the size and
age of the appliance (e.g. replacing an older appliance with a newer one). The
measure-based cues were used to infer energy savings from the way the measure is
implemented and saves energy. For measures that involved reducing the usage
of the appliance (or time switched on), greater usage reduction was perceived
to indicate greater energy savings, while for measures involved improving the
efficiency of the appliance, the usage of the efficient appliance was perceived to
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indicate energy savings. The frequency with which measures are implemented
was also used to infer energy savings, though some people perceived frequent
measures as more effective and some perceived infrequent measures more effec-
tive. A selection of the wide range of cues that participants used in the present
study are explored further and quantified in Studies 4A–4C in Chapter 7.
While energy savings perceptions were different from energy consumption
perceptions, the two were related. Many of the cues identified in Themes 1–3 are
similar to the energy consumption cues identified in Study 1 (see Chapter 3) or
related directly to perceptions of energy consumption. The use of the appliance
consumption cue (Theme 1) to infer energy savings is the most obvious link: the
appliance consumption was inferred based on energy consumption cues (as de-
scribed in Study 1), and the appliance consumption was then, in turn, used as an
energy savings cue. The appliance-changing cues described in Theme 2 are also
clearly linked to the energy consumption cues described in Study 1. For exam-
ple, in Study 1, the amount of heat produced by an appliance was perceived to
indicate its energy consumption (see also van den Broek, 2016); in Study 3, the
reduction in the amount of heat produced by an appliance was perceived to indi-
cate its energy savings. The usage reduction cue described in Theme 3 was also
clearly linked to the energy consumption cue in Study 1 in which the amount the
appliance is used was perceived to indicate its energy consumption; in Study 3,
reducing the usage was perceived to indicate its energy savings. The cues are
summarised in Table 6.5.
6.4.2 Selecting and using heuristic cues
The findings of Study 3 can be explained in terms of the categorisation-based
model of feature substitution described in Chapter 2 of this thesis. Participants
used a range of heuristic cues to infer the energy savings of the measures they
discussed. For example, they substituted the energy savings of the measure with
the amount of heat reduction by the measure; that is, if an energy-saving measure
reduced the heat production of an appliance by a large amount, the measure was
perceived to save a large amount of energy. In this way, they were able to make
judgements about the relative effectiveness of energy-saving measures.
As in Study 1, there was evidence that participants got confused if they tried
to use multiple cues at once in a judgement and the cues led to conflicting infer-
ences. There was even more scope for confusion with energy savings judgements
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Table 6.5: Cues from which participants inferred high and low energy savings by house-
hold energy-saving measures in Study 3.
High energy savings Low energy savings
High appliance energy
consumption
Low appliance energy
consumption
Measure reduces appliance size No reduction in appliance size
Measure reduces appliance age No reduction in appliance age
Measure increases appliance
efficiency rating
No increase in efficiency rating
Measure reduces amount of
heating produced
No reduction in heating produced
Measure reduces amount of
cooling produced
No reduction in cooling produced
Measure reduces appliance usage No reduction in usage
Appliance with efficiency
improvements is used, or on, a lot
Appliance with efficiency
improvements is used, or on, a
little
Measure is implemented
frequently/infrequently
Measure is implemented
infrequently/frequently
than with energy consumption judgements because of the wider range of energy
savings cues. Energy savings judgements can include energy consumption infer-
ences as well. For example, two participants were confused by how the “eco”
setting on dishwashers works. They perceived that, to save energy from the dish-
washer, it is necessary to reduce the duration it is on or in use. However, they had
both observed that the eco setting made the dishwasher run for longer. This con-
fused them both. Even when one participant concluded that the longer program
must run at a lower temperature, he still struggled to accept that a longer pro-
gram could save energy. He was struggling to reconcile the inferences he made
from two different cues. Although both heat reduction and usage reduction were
perceived to lead to energy savings, he apparently perceived that usage reduction
was more important than heat reduction but his observation of the dishwasher
contradicted that.
In the examples of participants comparing two measures in Theme 4, they ap-
peared to base their judgements on only the appliance consumption cue (i.e. com-
paring relative energy consumptions of the appliances on which the measures are
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implemented) when that cue was valid for differentiating between the two mea-
sures. This implies that participants were using a simple stopping rule (Gigeren-
zer & Goldstein, 1999); that is, if they selected a cue that differentiated the two
measures, they completed the judgement and did not consider other cues (Tver-
sky, 1972). It is not clear whether the appliance consumption cue was the first cue
they tried but it is plausible that past experience has taught them that they can
differentiate two appliances based on their inferred consumption if they are dif-
ferent appliances. The appliance consumption cue maybe has a high cue validity
when the appliances are different and so they try that cue first (see Berretty et al.,
1999). More examples of energy savings judgements would be necessary to qual-
itatively tease apart how they were using the heuristic cues. The use of heuristic
cues in energy savings judgements is explored further in the quantitative studies
in Chapter 7.
6.4.3 Complexity in heuristic energy savings judgements
The findings in Study 3 demonstrated the additional complexity of energy sav-
ings judgements over energy consumption judgements, even when heuristics are
used. Inferring energy consumption is complex but the use of energy consump-
tion cues is relatively straightforward: the more of one feature (e.g. heat, size,
usage), the more energy is perceived to be consumed. Inferring energy savings is
more complex because, in at least some judgements, people need to also infer the
energy consumption of the appliance (or appliances) before they can infer energy
savings. Or they need to infer the amount of heat produced by the appliance to
then infer the amount of heat reduced by the measure and, based on that, the
energy savings of the measure. In Study 1, there was perhaps some use of cues
based on other cues (e.g. inferring the amount of heat produced by an appliance
from its size and how much water it could hold), and in Theme 1 of Study 3, there
was some suggestion that the amount of heat produced by a boiler was inferred
from the amount of noise the boiler made. In Study 3, there were more exam-
ples of this “nesting” of cues in energy savings judgements. For example, when
comparing two measures implemented on different appliances, participants used
the appliance consumption cue, which involved them first inferring the amount
of energy consumption of each appliance involved in the comparison. In one
comparison, the energy consumption of the car versus the kitchen appliances on
standby was inferred from the energy intensity of each, which for the kitchen
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appliances was inferred from the perception that small standby lights cannot be
consuming much energy. This nesting of energy consumption inferences within
an energy savings judgement suggests a greater complexity in heuristic judge-
ments of energy savings than in heuristic judgements of energy consumption.
Theme 5 demonstrated a different form of complexity that householders have
to cope with: the comparisons that they have to construct between pre-measure
and post-measure energy consumption also potentially influence their percep-
tions of energy savings. This theme was included to provide additional examples
of the complexity of the task of inferring and comparing the energy savings of
measures. It is not discussed further because it is not resolved by the selection
of heuristic cues as described in the previous themes. It is important, however,
to recognise that there are multiple ways in which energy-saving judgements are
complex even when householders use heuristic cues to infer the effectiveness of
energy-saving measures.
6.4.4 Perceptions of the effectiveness of curtailment versus effi-
ciency measures
Energy savings researchers have reported that people tend to overestimate the
savings of curtailment measures and underestimate the savings of efficiency mea-
sures (Attari et al., 2010; Becker et al., 1979; Kempton et al., 1985) but this might be
because of the heuristic cues people use to make the judgements (see Table 6.4 for
a list of energy savings cues). If participants use either the usage reduction cue
or the measure frequency cue to infer effectiveness, they will logically perceive
that curtailment measures are very effective. The amount of energy saved by
switching off appliances (curtailing usage) might just be more intuitive to under-
stand than trying to infer energy savings from efficiency improvements. Study
1 in this thesis showed that people perceive that the more an appliance is used,
the more energy it consumes (see also Chisik, 2011; Kempton & Montgomery,
1982) so it is not surprising that people perceive that reducing the usage of the
appliance saves energy. Inferring the amount of energy saved by improving ef-
ficiency is less obvious. Only one participant in Study 3 attempted to quantify
the amount of energy saved by efficiency improvements and he tended to use
a rule-of-thumb of about 10% savings regardless of the appliance or the exact
energy-saving measure implemented. Participants recognised that they could
save energy from using efficient appliances (using the efficiency usage cue) but
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it was potentially less intuitive to them than simply reducing usage to save en-
ergy. The simplicity of judging energy savings by switching off appliances versus
the opacity of understanding how much energy is saved through technological
efficiency improvements suggests that this might be partly why people perceive
curtailment measures to be more effective than efficiency measures. Similarly, if
most people perceive that increased frequency of implementation implies greater
savings, it is not surprising that they perceive greater savings from curtailment
than efficiency measures.
6.4.5 Methodological reflections
Taking a qualitative approach enabled identification of a range of cues that people
potentially use when inferring the effectiveness of common household energy-
saving measures. With no previous research into the cues people might use when
inferring the effectiveness of energy-saving measures, exploratory methods were
the most appropriate approach. The findings of this study provide several poten-
tial research questions to be followed up using more in-depth qualitative meth-
ods or by quantifying the qualitative findings so far. Studies 4A–4C reported in
Chapter 7 attempt to quantify the cues identified in the present study.
Participants gave fewer examples of how they thought about energy in the
present study than in Study 1 (see Chapter 3). A larger sample size might have
helped to produce a greater range of examples on which to base the analysis. The
sample size was limited to ten participants because the energy savings interviews
were originally designed to be conducted as part of a single study with the data
in Study 1. It became clear when first trying to analyse the data from the energy
saving interviews, however, that perceptions of energy savings were quite dif-
ferent from perceptions of energy consumption. It is unlikely that more than ten
participants would have enabled more detailed analyses of the data; more prob-
ing of the responses of the existing participants might have been more beneficial.
The relatively limited number of examples is probably more related to the com-
plexity of the topic of discussion. Participants in the present study seemed less
able to explain their thinking and did not give examples of their thinking as freely
as in Study 1. This is probably because energy consumption was a simpler con-
cept to discuss than energy saving. Throughout the iterative process of analysis
of the data, the researcher continuously learnt more about both the requirements
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of a rational model of energy savings judgements and how to tease apart partici-
pants’ perceptions relative to that. It is only having acquired that understanding
through the analysis process that it would now be possible for the researcher to
probe participants’ responses in more detail. Further, more focused, interview
studies would be useful to explore the details of how people use heuristic cues
to make energy savings judgements, though the benefit of doing this would de-
pend on the extent to which people can vocalise how they make energy savings
judgements. Alternatively, quantitatively exploring the way in which people se-
lect and use energy savings cues would provide further understanding of how
people make energy savings judgements. This is the approach taken in Studies
4A–4C in Chapter 7.
As noted in Study 1 about participants’ use of cues in energy consumption
judgements, it was not clear whether participants were only using the cues that
they mentioned and were ignoring all others or whether they were implicitly us-
ing additional cues that they did not mention or that they were not even aware of.
This is a limitation of the method used in this study and is relevant to the whole
of the analysis. It was also sometimes difficult to know what reason participants
were giving for savings. For example, if they gave “switching off lights” as a way
to save energy but never explained why or could not explain why when asked,
it could not really be assumed that they perceived reducing the amount of light
produced or reducing the amount of heat produced by the light bulbs as indica-
tors of saving energy; the indicator might be that the measure sounded familiar
to them so they assumed that it was effective, or that they had been brought up
switching lights off whenever possible and so assumed it was effective. It is also
possible that participants’ feelings about how likely they were to implement the
measure, how much effort it would take, and how much money it would cost
might have influenced their perceptions of its effectiveness. Further, more de-
tailed, interviews with a standard set of comparisons of measures would help to
tease apart the cues that people use and identify when they use them and who
tends to use which cues.
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6.5 Conclusion
Householders use a range of cues to infer the effectiveness of common energy-
saving measures. Some of the cues are based on perceptions of the energy con-
sumption of the appliance on which the measure is implemented (appliance con-
sumption cue), and how the appliance is changed to save energy (e.g. size reduc-
tion, age reduction, or heat reduction cues). Other cues are based on the measure
itself and how the measure is implemented. Householders perceive measures
differently based on whether they need to be implemented frequently or infre-
quently (measure frequency cue), and also whether they save energy by shorten-
ing the amount of time in use (usage reduction cue) or by improving efficiency to
save energy whilst continuing to be used (efficiency usage cue). As with percep-
tions of energy consumption of appliances, when multiple cues are used to infer
the energy savings of a measure, inferences from different cues can conflict and
must be resolved before judgements can be made. Energy savings judgements
are complex and people do their best to simplify them enough to even attempt to
make them.
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Chapter 7
Quantifying the Heuristic Energy
Savings Cues (Studies 4A–4C)
7.1 Introduction
In the three studies reported in this chapter, participants’ judgements of the rela-
tive effectiveness of energy-saving measures were explored for evidence of par-
ticular heuristic cues being used to infer energy savings. It was found, in Study
3 (see Chapter 6), that energy savings judgements are even more complex than
energy consumption judgements and that participants tried to simplify the judge-
ments in a similar way: using the heuristic process of feature substitution (Kah-
neman & Frederick, 2002). Although participants attempted to simplify energy
savings and energy consumption judgements in a similar way, they used differ-
ent, and more varied, cues in energy savings judgements. Study 3 was novel
in energy perceptions research in exploring the heuristic cues that householders
might use to infer the relative effectiveness of energy-saving measures—previous
similar research in the literature has investigated only the cues that are used in
energy consumption judgements. Studies 4A–4C quantified and continued to ex-
plore the use of a selection of the energy savings cues that were identified using
qualitative methods in Study 3.
The studies in this chapter took a novel approach in heuristic energy percep-
tions research by asking participants to make more natural, comparative judge-
ments instead of estimating or ranking long lists of items. The paired compar-
isons data that were collected were analysed using dual scaling (Nishisato, 2004),
a novel method in energy perceptions research. Dual scaling provides a multidi-
mensional, non-parametric analysis with a visual summary of the data to explore
and interpret (Nishisato, 2007).
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7.1.1 Judging the effectiveness of energy-saving measures
Previous energy saving research has focused on the energy-saving behaviours
that people perform and the accuracy of their perceptions but not on how those
perceptions are developed. A small number of studies have found that house-
holders tend to overestimate the effectiveness of low-cost, frequent behaviours
and underestimate the effectiveness of infrequent efficiency improvements (At-
tari et al., 2010; Becker et al., 1979; Kempton et al., 1985). When asked to suggest
the most effective ways to save energy, householders tend to mention the fre-
quently repeated behaviours more often than the infrequent efficiency improve-
ments (Attari et al., 2010; Kempton et al., 1985). Yet, Gardner and Stern (2008)
and others suggest that the infrequent efficiency improvements are usually more
effective. Perceptions of effectiveness have been shown to be strongly related to
intentions to implement measures (Truelove & Parks, 2012). If householders per-
ceive a relatively ineffective measure as effective and implement it, they might
be disappointed when they find out otherwise and perhaps be discouraged from
making any further efforts (Kempton et al., 1985); if they never find out that the
measures are ineffective, they might not implement other measures because they
believe they are already doing the most effective thing that they can. Alterna-
tively, if they underestimate the relative potential savings of very effective mea-
sures, they might not even consider implementing them, especially if there is a
high cost or inconvenience involved. Householders do not need to have perfectly
accurate perceptions of energy saving; they just need to be good enough to be able
to judge the most effective ways to save. It is important to understand how peo-
ple judge the relative effectiveness of energy-saving measures so that they can be
given help, if necessary, in selecting the most effective measures to implement.
7.1.2 Heuristic energy savings judgements
It is difficult to judge the relative effectiveness of energy-saving measures. There
are so many potentially relevant pieces of information, or cues, to consider in the
judgement that it is overwhelming; householders cannot be expected to know
all the cues or the relative importance of each cue to the judgement. In Study
3 (see Chapter 6), it was found that householders probably try to simplify en-
ergy savings judgements using a similar heuristic process of feature substitution
(Kahneman & Frederick, 2002) as previous research has shown them to use to
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simplify energy consumption judgements (see Part I of this thesis). Using feature
substitution, householders compare the measures based on a small number of
more accessible cues and then substitute the judgement of energy savings with
the simpler judgement. For example, in Study 3 it was shown that people per-
ceive that reducing the amount of heat produced by an appliance saves energy.
On this basis, using the process of feature substitution, a person might compare
two measures (e.g. replacing the TV with a more efficient one and replacing the
boiler with a more efficient one) based on how much each measure reduces heat
production. The measure that the person perceives to reduce the most heat (e.g.
replacing the boiler) is then inferred to also be the measure that saves the most
energy. Although a small amount of previous research in the literature has in-
vestigated the appliance features that might be used as heuristic cues in energy
consumption judgements (see Chapter 2 in this thesis for a systematic review of
the research), no research prior to Study 3 in this thesis has explored the heuristic
cues that people might use in energy savings judgements. Studies 4A–4C, re-
ported in this chapter, quantitatively explored the cues that participants chose to
use in their judgements of the relative effectiveness of energy-saving measures.
7.1.2.1 Heuristic cues in energy savings judgements
Participants in Study 3 perceived that reducing the heat production, size, and age
of appliances saves energy and they used these features as cues (the appliance-
changing cues) in energy savings judgements (see Theme 2 of Study 3). For exam-
ple, measures such as turning down the heating thermostat, replacing a large car
with a small car, and replacing the old kitchen appliances with new ones were
perceived as ways to effectively save energy. The cues are similar to the energy
consumption cues identified in Part I of this thesis and in the literature, which
has found that people perceive greater energy consumption from appliances that
produce a lot of heat (Study 1 & 2A in this thesis; van den Broek, 2016), are larger
(Study 1, 2A, & 2B in this thesis; Baird & Brier, 1981; Chisik, 2011; Schuitema
& Steg, 2005; van den Broek, 2016), and are older (Study 1 in this thesis). Stud-
ies 4A–4C in this chapter explored which appliance-changing cues participants
chose to use in the relative judgements of energy-saving measures. If, for exam-
ple, they consistently chose the heat reduction measures over the size reduction
measures, that suggests that they perceived the heat reduction cue as more indica-
tive of high energy savings than the size reduction cue.
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Participants in Study 3 also perceived that energy savings could be inferred
from the energy consumption of the appliance on which the measure is imple-
mented (the appliance consumption cue; see Theme 1 of Study 3). For example,
buying a fuel-efficient car was perceived to save more energy than lowering the
heating thermostat because the original car was perceived to consume more en-
ergy than the central heating boiler. This cue was used by participants but is also
theoretically quite complex because it relies on the person first inferring the en-
ergy consumption of the appliance, using energy consumption cues, before they
can infer the energy savings. There is also an assumption in the energy percep-
tions research that people infer energy savings from energy consumption. The
energy feedback research assumes that accurate energy consumption perceptions
are important for people to save energy (e.g. Darby, 2006; DECC, 2013b; Wilhite
& Ling, 1995), implying that energy consumption perceptions influence energy
savings perceptions and judgements about effective ways to save energy. While
Study 3 showed that this might be the case, it is not clear how important the
appliance consumption cue is relative to other cues. In Studies 4A–4C, the appli-
ance consumption cue was explored by asking participants to compare measures
implemented on various different appliances. If, for example, participants con-
sistently chose car-based measures regardless of the measure implemented, that
suggests that they perceived the appliance consumption cue as more indicative
of high energy savings than other available cues such as heat reduction.
Finally, participants in Study 3 also inferred energy savings from the measure
itself and how it operated to save energy (the measure-based cues; see Theme 3
of Study 3). They inferred the relative effectiveness of energy-saving measures
from the relative frequency of implementing the measure. Some measures are
implemented frequently (e.g. running the washing machine on a cooler cycle)
whereas other measures are implemented infrequently (e.g. replacing the wash-
ing machine with a new one). They also inferred energy savings from how the
usage of the appliance is affected by the measure. Some measures involve re-
ducing the usage of the appliance (e.g. use the central heating less), while some
involve continuing to use a more efficient appliance (e.g. replacing the boiler with
a new one, or turning down the thermostat with the existing boiler). The greater
the reduction in usage or the greater the use of the more efficient appliance, the
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greater the savings perceived. The use of these measure-based cues might un-
derlie the reported perceptions about the effectiveness of curtailment versus ef-
ficiency measures (Attari et al., 2010; Becker et al., 1979; Gardner & Stern, 2008;
Karlin et al., 2014; Kempton et al., 1985). Curtailment measures are often de-
scribed as requiring frequent implementation relative to efficiency measures. It
might be that people overestimate the effectiveness of curtailment measures be-
cause they perceive high frequency measures to save more energy than low (the
measure frequency cue). Similarly, using the usage reduction cue would lead people
to perceive that curtailing the usage of appliances is an effective way to save en-
ergy. In Study 3, using the usage reduction cue seemed to be more intuitive to
participants than using the efficiency usage cue; usage of appliances is perceived
to be related to energy consumption (see Theme 1, Study 1) so reducing usage
makes sense, whereas the amount of energy saved by an efficiency improvement
is less obvious.
The measure-based cues were explored in Studies 4A–4C in this chapter by
systematically including each cue in the measures presented to participants. If
participants consistently chose the use less measures, that suggests that they per-
ceived the measure frequency cue (high frequency) or usage reduction cue as
more indicative of high energy savings; if participants consistently chose the
replace measures, that suggests that they perceived the measure frequency (low
frequency) or efficiency usage cue as more indicative of high energy savings; if
participants consistently chose the use differently measures, that suggests that they
perceived the measure frequency (high frequency) or efficiency usage cue as more
indicative of high energy savings.
7.1.2.2 Cue selection strategies
The findings in Study 3 (Theme 4) suggested that people try to make energy sav-
ings judgements using as few heuristic cues as possible because using more than
one cue at once potentially leads to conflicting inferences. This is in line with
non-compensatory strategies of cue selection in which people try to base a judge-
ment on just a single cue (Payne et al., 1993). When using non-compensatory
strategies, if the cue fails to help them make the judgement, they discard it and
select a different cue, repeating this until they find a cue that helps them to make
the judgement. This approach saves effort in judgement-making by reducing the
amount of information to consider (the most efficient judgement is made based
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on the first cue) and avoiding having to weigh up and integrate multiple cues in
a judgement (Shah & Oppenheimer, 2008). In Studies 4A–4C in this chapter, par-
ticipants had to judge the relative effectiveness of pairs of measures that included
various different cues. By using a multidimensional analysis, the studies aimed
to identify which of the available cues participants chose to infer the greatest en-
ergy savings by observing which measures they judged to be the most effective.
7.1.3 Measuring the use of heuristic cues in energy savings judge-
ments
A paired comparisons design was used in Studies 4A–4C in this thesis because
relative judgements are a more natural way for participants to respond than mak-
ing absolute estimates or ranking long lists of items. People find it easier to make
a comparative judgement (e.g. Sound A is louder than Sound B) than to make an
absolute estimate of quantity (e.g. Sound A is 85 decibels) (Brown & Peterson,
2009; Stewart, Chater, & Brown, 2006). When investigating the use of heuristic
cues in energy perceptions judgements, it is not necessary or appropriate to ask
participants to make precise absolute estimates of energy. So presenting judge-
ments as relative comparisons is useful.
7.1.3.1 Using paired comparisons study designs to explore heuristic energy
judgements
An advantage of paired comparisons designs in heuristic energy perceptions re-
search is that participants’ use of multiple cues can be explored in a single study.
In Study 2A, which used the heuristic elicitation design (Kahneman & Freder-
ick, 2002), participants estimated the size, heat production, or usage of each of a
list of 30 household appliances and their estimates were correlated with another
group’s estimates of energy consumption. In the between-participants design,
this meant that different groups of participants were needed to test each potential
heuristic cue (size, heat, usage) and it was not possible to gain insight into which
cues they perceived to be the most indicative of high or low energy consumption.
A within-participants version of the design would also be limited because esti-
mating the same list of appliances against multiple criteria would get very bor-
ing for participants and might not hold their attention enough for the data to be
valid. In Studies 4A–4C, the paired comparisons design enabled the researcher to
present pairs of measures in which multiple energy savings cues were available
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for all participants to use. The data could then be analysed to identify which cues
participants tended to use in their judgements by exploring which energy-saving
measures they perceived to be the most effective and which cues were available
in those measures.
Another advantage of using a paired comparisons design is that there is no
need for the researcher to provide reference points or a modulus (Sowden, 2012;
Stevens, 1975) to help participants make absolute energy judgements. The ref-
erence point selected by the researcher can influence the responses that partici-
pants make. For example, when assessing householders’ perceptions of the en-
ergy consumption and energy savings of common household appliances and
energy-saving measures, Attari et al. (2010) found that instructing their survey
participants to use a 100 Watt light bulb as a reference point of 100 units of en-
ergy per hour potentially led to them underestimating the consumption of high-
energy-consuming appliances and overestimating low-energy-consuming appli-
ances. The researchers observed that participants were not sensitive to the mag-
nitude of differences between appliances in their energy consumption and that
their estimates at the upper and lower ends of the scale were compressed prob-
ably due to an anchoring effect around the 100 Watt light bulb. Baird and Brier
(1981, Exp. 3) found similar compression in their participants’ estimates of en-
ergy consumption based on a reference point of a washing machine consuming
100 units of energy per hour. In a follow-up to Attari et al.’s study, in which
participants estimated the consumption of the same nine appliances, Frederick
et al. (2011) confirmed this anchoring effect (Chapman & Johnson, 2002). They
showed that changing the reference point for participants led to overestimates
of consumption if the reference point was high and underestimates if the refer-
ence point was low. Participants were starting from the reference point and then
insufficiently adding or removing quantity from that value.
In Studies 2A and 2B in this thesis, participants were given a scale with upper
bounds to help them to make their judgements without using an explicit refer-
ence point so that they could form their own comparisons across the randomly
ordered list of appliances. The format of that study, however, meant that the long
list of 30 appliances to estimate typically scrolled off the screen (especially on mo-
bile devices) so participants were not able to choose the comparisons they made
but neither were they controlled in any way. In a paired comparisons design, all
stimuli are systematically paired with all other stimuli so comparisons are not
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made against just one specific reference point. In Studies 4A–4C, this meant that
all participants compared every energy-saving measure with every other mea-
sure presented.
Paired comparisons studies can be easily presented to participants online for
remote data collection. In Studies 2A and 2B, participants responded online but
they had to provide estimates of long lists of appliances. This was found to be
awkward especially on mobile devices, as one participant commented: “I started
responding before I knew what the largest item would be & I don’t have time to
go back & re-jig my answers. I’m answering on a smart phone & it was fiddly to
move the markers”. Two-thirds of UK adults use mobile devices to go online and
one-quarter do not use laptop or desktop computers at all to go online (Ofcom,
2017). It was important to ensure that people could participate using mobile de-
vices with their smaller screens and touch interfaces and that the study would be
simple and engaging.
7.1.3.2 Analysing paired comparisons data with dual scaling
Paired comparisons data requires specific forms of analysis to accommodate the
relative judgements within the data. The paired comparisons data contains bi-
nary judgements for each participant on each stimulus against each other stim-
ulus (Lavrakas, 2011). For example, every participant judged whether replacing
the boiler was more or less effective than replacing the fridge-freezer, than us-
ing the kettle less, and so on. A paired comparisons study design is a form of a
two-alternative forced choice design in which participants are asked a series of
questions and must respond to each question by selecting one of two responses
(Brown & Peterson, 2009; Lavrakas, 2011). Two-alternative forced choice studies
can be analysed by counting the number of correct responses to the questions
but that approach was not appropriate in Studies 4A–4C. There was no “correct”
answer to the questions that participants were asked. Instead, the aim was to
explore how participants selected and used the heuristic cues that had been pre-
viously identified in Study 3. Another possible approach to analysis was to count
up the number of times each measure was perceived to be more effective than
the other measures. In this way, it would be possible to construct a ranked or-
der across participants to identify which measures they perceived overall to be
the most effective. This approach, however, was considered too reductive for
exploratory studies.
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Dual scaling is similar to principal components analysis (PCA) but for cate-
gorical data, including paired comparisons data (Doey & Kurta, 2011; Maraun,
Slaney, & Jalava, 2005; Nishisato, 2004). Like PCA, the analysis aims to explain
the most variance in the data using the smallest number of dimensions (Nishisato,
2004). Dual scaling creates multidimensional representations of the data that can
be plotted on axes for visual interpretation. The data collected from a paired
comparisons study are categorical so there is no indication of how much differ-
ence participants perceived between the pairs of stimuli, only that they judged
one to be more or less than the other (Nishisato, 2004). A dual scaling analy-
sis calculates the “distance” between the stimuli based on the how often a given
stimulus is chosen or not chosen relative to the other stimuli. Dual scaling em-
phasises the differences between the stimuli (as judged by the participants) whilst
still preserving in the data any variation between participants in their individual
judgements (van de Velden, 2004). If most participants perceived little difference
between some stimuli, when plotted on two dimensions, the stimuli are located
close together around the origin of the the plot. If several participants perceived
certain stimuli to be greater in almost every pair, those stimuli are located to-
wards the ends of the relevant dimensions further away from the other stimuli.
The positions in space of the stimuli and the participants when plotted are an
approximate representation of the mathematical distance between participants’
perceptions of the stimuli and between the participants themselves in how much
they agreed or disagreed in their judgements.
Contradictory judgements of stimuli Paired comparisons studies enable par-
ticipants to make contradictory judgements about the stimuli. For example, in the
paired comparisons studies reported in Chapter 7, a participant might plausibly
judge, across three separate judgements, that Measure A saves more energy than
Measure B, that Measure B saves more energy than Measure C, and that Measure
C saves more energy than Measure A (Brown et al., 2008; Nishisato, 2007), with-
out even necessarily realising it (Tversky, 1969). These contradictory judgements
are especially likely when it is difficult to distinguish between the two stimuli in
the pair (Brown & Peterson, 2009). Judging the relative effectiveness of energy-
saving measures is difficult and participants might sometimes perceive one of
the two measures as the most effective, and sometimes the other. The method of
analysis should be able to accommodate these potential inconsistencies instead
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of just averaging them out and treating them as forms of error. Contradictory, or
intransitive, judgements like this can be useful for understanding the degree of
difference that participants perceive between stimuli (Brown & Peterson, 2009).
Dual scaling accommodates contradictory judgements as valid choices and incor-
porates them into the calculation of distance perceived by participants between
the stimuli (Nishisato, 2007).
7.1.4 Overview of the studies
Participants’ judgements of the relative effectiveness of energy-saving measures
were explored for evidence of particular cues being used to infer energy sav-
ings. The energy-saving measures were constructed to systematically present
the cues under investigation to participants across a set of common household
appliances. In Study 4A, the use of three appliance-changing cues (reducing
the size of the appliance, reducing the age of the appliance, and reducing the
amount of heat produced by the appliance) was explored across four commonly-
owned (in the UK) appliances of varying size, typical age, and heat production:
car, central-heating boiler, washing-machine, and TV. In Study 4B, the use of
the same three appliance-changing cues was explored alongside additional heat-
production cues to explore judgements of measures that save energy through
using the appliance differently to produce less heat and measures that save en-
ergy through replacing appliances with better insulated ones (exploring the use
of the measure frequency cue). The three appliances (kettle, oven, boiler) were all
kitchen appliances that would produce heat but varied in size and typical age. In
Study 4C, all of the measures were related to reducing the amount of heat pro-
duced by the appliances but in different ways (use it less, use it differently, replace
it; combinations of the three measure-based cues) for four kitchen appliances for
which the main operation involved changing the temperature of something (ket-
tle, oven, boiler, fridge-freezer).
The appliance-changing cues explored in these studies were selected based
on the findings of Study 3 (see Chapter 6) in which participants perceived that
reducing the heat production, the size, and the age of the appliances saves energy.
The specific focus on heat in Study 4C was based on the findings in Study 4A and
4B that participants perceived heat reduction measures as more effective than age
and size reduction measures. Also, while reducing the age or size of an appliance
can only be achieved by replacing the appliance, heat reduction can be achieved
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in multiple ways: using the appliance less, using it differently, and replacing it.
The heat reduction cue was available for use in all of the measures in Study 4C so
that use of the measure-based cues could be explored.
The following exploratory research questions were addressed across the three
studies (studies indicated in parentheses):
• Does the perceived effectiveness of an energy-saving measure depend on
how the measure changes the appliance (reduces heat production versus
reduces size versus reduces age)? (A, B)
• Does the perceived effectiveness of an energy-saving measure depend on
whether the measure needs to be implemented frequently or infrequently?
(B, C)
• Does the perceived effectiveness of an energy-saving measure depend on
whether the measure reduces the amount of time the appliance is in use or
saves energy through continued use of a more efficient appliance? (C)
• Does the perceived effectiveness of an energy-saving measure depend on
the perceived energy consumption of the appliance on which the measure
is implemented? (A, B, C)
The aim is to quantify and understand better the use of the cues identified
using qualitative methods in Study 3 of this thesis.
7.2 Study 4A
7.2.1 Introduction
In Study 4A the following research questions were explored:
1. Does the perceived effectiveness of an energy-saving measure depend on
how the measure changes the appliance (reduces heat production versus
reduces size versus reduces age)?
2. Does the perceived effectiveness of an energy-saving measure depend on
the perceived energy consumption of the appliance on which the measure
is implemented (i.e. car, boiler, washing machine, TV)?
The aim was to understand how participants used the appliance consumption
cue and the appliance-changing cues.
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7.2.2 Method
7.2.2.1 Participants
The data were collected online using Gorilla.sc (gorilla.sc; Anwyl-Irvine, Mas-
sonnié, Flitton, Kirkham, & Evershed, 2018) to present the study to participants.
Data were collected between 23rd October 2017 and 5th November 2017.
Forty-one participants were recruited but one participant’s dataset was in-
complete due to a server communication problem and one participant was re-
moved due to a study set-up problem, so 39 participants’ data were analysed. In
order to determine an appropriate sample size, a calculation for a 3 (appliance-
changing cues) x 4 (appliances) within-participants ANOVA1 showed that ap-
proximately 30 participants would be appropriate for a statistical power of .8 and
medium effect size. Although an ANOVA would not be run, the calculation pro-
vided a rough estimate of an appropriate number of participants to include in
the study. Recruiting about 40 participants would be large enough to capture
participant variation, and allow for technical problems and removal of outliers
if necessary, whilst small enough to present the data visually for interpretation.
Examples studies in the literature that are used to illustrate the analysis method
used in the study range from 14 to 20 participants (Nishisato, 2004, 2007).
Participants were recruited through the Prolific online study recruitment ser-
vice (www.prolific.ac) and were paid £1.25 for an estimated 15 minutes study
(equivalent of £5.01/hr). Participants were allowed to take a maximum of 30
minutes before the study timed out. Only participants resident in the UK at the
time of participation were eligible to take part. It was important to include only
people who lived in the UK because householders’ experiences of home energy
vary by country (e.g. while air-conditioning is common in the U.S., it is not com-
mon in UK households). Prolific is a global but UK-based recruitment service for
academic research studies, similar to Amazon’s Mechanical Turk (MTurk; Peer,
Brandimarte, Samat, & Acquisti, 2017), but with a larger proportion of UK partic-
ipants (approx. 18,000 eligible participants from their total pool of 41,610).
The mean age of participants was 32.92 years (SD = 12.59 years), and 72%
of participants were female. The highest qualifications varied across the sample:
1Two-way within-participants designs are not supported in G*POWER
(https://stats.stackexchange.com/questions/59235/repeated-measures-within-
factors-settings-for-gpower-power-calculation); for calculation method, see:
https://stats.stackexchange.com/a/59319/126764, Potvin and Schutz (2000), and Wuensch
(2009)
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23% had GCSE or equivalent (typically achieved at 16 years old); 33% had A level,
BTEC, or equivalent (18 years old); 28% had an HND or degree; and 15% had a
Masters degree or above.
Participants could “return” the study to Prolific (and so free up their slot) at
any time during the study. When this happened, Gorilla recorded the study as
incomplete and the researcher rejected the data without paying the participant.
7.2.2.2 Ethics
The study was conducted in line with the requirements of the University of Sur-
rey ethics at the time. A University of Surrey self-assessment ethics form (SAFE)
was completed for the study with the receipt number 160708-160702-25896913 on
2017-10-09 14:06:53 BST. See Appendix D for copies of the record.
7.2.2.3 Procedure
The study was presented to participants as having five parts. The first four parts
were the presentation blocks of the energy-saving judgements task; the fifth part
was a questionnaire which was not analysed here and will not be discussed fur-
ther because it was beyond the scope of the studies reported in this chapter. The
questionnaire was completed after the judgement task, so it had no influence on
participants’ responses in the judgement task.
On starting the online study, participants were given another brief overview
and then consented to taking part. Participants who were accessing the study on
a mobile device were then prompted by the study software to rotate the screen to
landscape mode to ensure the study screens would display correctly. They then
read the following instructions before starting the study when they were ready
by clicking Start: “On the following pages, click the action that you think will
save the most energy in a typical UK household. If you’re not sure, just quickly
follow your gut feeling. Don’t spend more than a few seconds on each question.”
Each presentation in the task began with a 200 ms fixation point followed by
a screen with two large buttons below a question. The same question was always
presented above the buttons, and each button was labelled with an energy-saving
measure, as shown in Figure 7.1:
When the participant clicked or touched a button, the next presentation au-
tomatically started. This procedure was repeated until the participant had re-
sponded to all 66 presentations of pairs of energy-saving measures. Participants
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Figure 7.1: Energy-savings judgement task in Study 4A.
completed the judgement task in a mean time of 6.03 minutes (SD = 3.02 mins).
At the end of the study, participants were presented with debriefing information.
7.2.2.4 Judgement task stimuli
Participants were asked to judge a series of 66 pairs of measures and respond by
indicating which measure in each pair would save the most energy in “a typi-
cal UK household”. A typical UK household was specified because individual
households vary considerably in their energy consumption and energy-saving
potential (e.g. Andersen, 2012). Also, not every household owns the same appli-
ances, or the same age and efficiency of appliances. The intention was to access
participants’ quick judgements based on existing beliefs rather than have them
thinking hard about their own energy use and savings.
Twelve common energy-saving measures were used in the judgement task.
The measures were mostly taken from energy-saving measures mentioned by
participants in previous interviews. Other measures were constructed to pro-
vide a balanced set of measures that represented the cues being explored in the
study. Each measure represented a change in an feature of an appliance. Three
feature changes (reduce size, reduce age, and reduce heat production) were used
with four common energy-consuming household appliances that those feature
changes could be applied to (car, boiler, washing-machine, and TV; see Table 7.1).
For analysis, it was necessary to have presented every combination of the fea-
tures (size, age, heat) and appliances (car, boiler, washing-machine, TV) to each
participant. It was important to restrict the number of features and appliances in-
cluded in the set of stimuli because each additional feature or appliance increased
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Table 7.1: The energy-saving measures presented to participants in Study 4A.
Appliance
change
Energy-saving measure Short name
Age Replace the car with a brand new one
Replace the boiler with a brand new one
Replace the washing machine with a
brand new one
Replace the TV with a brand new one
carAge
boilerAge
wmachineAge
tvAge
Size Replace the car with a small one
Replace the boiler with a small one
Replace the washing machine with one
that holds less
Replace the TV with a small one
carSize
boilerSize
wmachineSize
tvSize
Heat Turn down the heater temperature in the
car
Reduce the house thermostat by 2ºC
Run the washing machine on a 30ºC cycle
Replace the TV with one that gives out less
heat
carHeat
boilerHeat
wmachineHeat
tvHeat
the number of presentations significantly. Initial pilot testing showed that 66 pairs
of measures was feasible and enjoyable for participants. Adding another feature
(e.g. reduce the amount of light produced by the appliance) would increase the
number of pairs to 120 (n(n-1)/2, where n is the number of measures), which was
far too many presentations and participants found the judgement task boring and
difficult to concentrate on.
Each of the feature changes needed to be plausible for each of the appliances,
which meant excluding some otherwise relevant features and appliances. For ex-
ample, reducing the amount of light produced wasn’t really a plausible energy-
saving measure for the boiler, washing-machine, or car. Although changing the
efficiency rating of an appliance was plausible and applicable to all of the appli-
ances, it was not included because it relied on participants having knowledge of
the various efficiency ratings scales rather than their perceptions of the appliance
itself. Finally, some appliances were excluded because not all UK households
have them: in 2015-16, only 45% of households owned a dishwasher and 56%
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owned a tumble dryer (BEIS, 2017a).
Each measure related to a single appliance rather than to an activity, which
could include multiple appliances (e.g. reducing the amount of laundry done
could involve reducing the amount of usage of both the washing-machine and the
tumble drier). This was for comparability with previous research in the literature
which has tended to investigate energy perceptions of specific appliances (e.g.
Baird & Brier, 1981; Schuitema & Steg, 2005). In the present study, savings by
measures were attributed to making a specific change to a specific appliance.
The study was administered online and the task was repetitive so it was im-
portant that it held the attention of participants. The 66 presentations were di-
vided into four presentation blocks of roughly equal length. All participants were
presented first with a block of 12 pairs of energy-saving measures that compared
two different feature changes applied to the same appliance (e.g. “Replace the
boiler with a brand new one” and “Reduce the house thermostat by 2ºC”). In
the second block, participants were asked to compare 18 pairs in which the same
feature change was applied to two different appliances (e.g. “Replace the boiler
with a brand new one” and “Replace the car with a brand new one”. In both
the third and fourth blocks, participants were asked to compare 18 pairs of mea-
sures in which different features were changed for different appliances in each
pair (e.g. “Reduce the house thermostat by 2ºC” and “Replace the car with a
brand new one”). The groupings were intended to help participants get used to
the task gradually (comparing two appliances with the same feature change was
intuitively easiest and comparing two different appliances with two different fea-
ture changes was intuitively the most difficult). Within each block, the order of
the pairs was randomised for each participant. The side on which each measure
was presented in each pair was randomised in advance and then presented in the
same orientation for all participants.
The data were collected remotely over the internet so the presentation of the
stimuli was tested for display on smartphone screens and interaction using touch-
screens. The stimuli needed to be readable on smalls screen as well as on large
screens, and participants needed to be able to respond using a touch screen as
well as traditional keyboard and mouse.
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Table 7.2: Attention question energy-saving pairs used in Studies 4A, 4B, and 4C.
Correct measure Incorrect measure
Ride a bicycle to the corner shop Drive the car to the corner shop
Switch off the lights when not be-
ing used
Leave the lights on all the time
Walk to the corner shop Drive the car to the corner shop
Hang the laundry on the washing
line outside
Dry the laundry in the electric
dryer
7.2.2.5 Attention check questions
To check whether participants’ attention was maintained throughout all four blocks,
and to check they were not obviously cheating by just clicking the buttons with-
out considering the task, four additional pairs of measures (one in each block)
were included, what Meade and Craig (2012) called “bogus items” and Thomson
and Oppenheimer (2016) called “decoy questions”. The four pairs of attention
check questions were constructed to appear similar to the real questions and they
also addressed the question of which of the two measures would save the most
energy but related to different domains of energy-saving. Unlike the real ques-
tions for which responses accuracy was irrelevant and not checked, the attention
check questions were constructed so that it was obvious to participants which
of the two measures in the pair was the correct answer, as long as they read the
measures carefully (see Table 7.2).
7.2.3 Analysis
The data were downloaded and prepared for input into the dual scaling anal-
ysis. The coordinates generated by the dual scaling analysis were plotted on
two-dimensional axes for interpretation. The data for the dual scaling analysis is
available in Table D.1 in Appendix D. The R script that was used to run the dual
scaling analysis is also available in Appendix D along with some notes about how
to prepare the data for input into the analysis.
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7.2.3.1 Checking the dataset
The dataset was checked both for completeness and, as far as possible, to ensure
that the responses were of sufficient quality for analysis. Of the 41 participants re-
cruited, two participants’ data were removed from analyses because of problems
caused by a server connection error and a set-up mistake in the online study. This
left 39 participants’ data to be checked further.
Participants’ scores on the attention check questions were calculated. Partic-
ipants were considered to have sufficiently attended to the task if they gave the
correct response to at least three of the four attention check questions. All par-
ticipants answered three or four questions correctly so all of their datasets were
retained. The data of the four participants who scored three correct answers were
manually checked but their patterns of responses looked similar to other partici-
pants’ responses and so were retained.
The time taken for each participant to complete the judgement task in the
study was calculated. A very short duration was assumed to suggest a lack of
attention when answering the questions. None of the participants took less than
1.5 times the interquartile range (IQR) to complete the judgement task. Three par-
ticipants took longer than 1.5*IQR but two of the three answered all the attention
check questions correctly. The responses of the participant who only answered
three of the attention check questions correctly were otherwise similar in their
responses to the other participants. There was no good reason to exclude them
from analysis.
7.2.3.2 Interpreting the plots
A dual scaling analysis (Nishisato, 2004) was run on the data to summarise the
judgements of each participant for each pair of measures. The analysis generated
coordinates for each participant and energy-saving measure which were then
plotted, a pair of dimensions (“solutions” in Nishisato (2004); “components” in
Principle Components Analysis) at a time, for visual interpretation. The measures
in the plots are represented as filled triangles, and participants are represented in
the plots as filled circles (as shown in Fig. 7.2). The measures are the main focus
of interest when interpreting the plots, but the participants are included on the
plots to help understand how the measures came to be located where they are on
the plots. Participants are each located closest to the measure that they perceived
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to be the most effective, second-closest to the measure that they perceived to be
the second-most effective, and so on. Clusters of participants show a general con-
sensus between those participants in their perceptions of measure effectiveness
but multiple separate clusters show variation between groups of participants in
their perceptions.
Three dimensions were plotted for interpretation. There is no fixed rule about
how many dimensions to include in the interpretation of a dual scaling analy-
sis. The main consideration to make is whether additional dimensions can be
interpreted in the context of the data. It is useful to consider how much variance
(“delta” in Nishisato, 2004) each dimension contributes to the total variance of
the data. The total variance of the data in Study 4A was 0.29. The first dimension
accounted for 41% of the total variance, the second dimension for 21%, and the
third dimension for 11%. Together the three dimensions accounted for 73% of
the variance in the data so it was possible to be reasonably confident about any
conclusions drawn from interpretations based on them. Adding a fourth dimen-
sion would have added only a little more variance and it also becomes difficult
to interpret more than three dimensions.
Dimension 1 represents the average perceived effectiveness of the measures
across all of the participants: a rank order of perceived measure effectiveness that
is constructed from participants’ judgements of each pair of measures (in Stud-
ies 4A–4C, the most effective measure is on the left of the x-axis and the least
effective on the right; the direction of the scale on the x-axis is arbitrary and was
determined by referring to the data input matrix in Table D.1 in Appendix D;
Nishisato, 2007). To explore the research questions in Study 4A, the plots were
first examined to see which measures the participants perceived to be the most
and least effective, as shown on Dimension 1. The cues included in those mea-
sures were interpreted as indicating the relative effectiveness of the measures to
the participants. In a unidimensional interpretation, all participants would agree
on the order of the measures and the measures would be located tightly along
Dimension 1 and not spread vertically along Dimension 2. However, as can be
seen in Figure 7.2, the measures are spread vertically as well as horizontally in
the plot, which indicates variation between participants in their perceptions of
which measures are the most and least effective and, by implication, which cues
they perceived to indicate greatest and least effectiveness. If there is no consis-
tent use of the cues in the judgements, there would be no clear patterns in where
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the measures and cues are located on the plots. If particular cues (e.g. measures
that reduce heat or measure implemented on a boiler) are grouped together, the
cues can be interpreted as being perceived to indicative greater effectiveness (en-
ergy savings) than other cues. The plots are interpreted one dimension at a time
with each subsequent dimension nested within the previous one. The aim is to
be able to create descriptive labels for each of the dimensions (Greenacre, 2007;
Nishisato, 2004). In the plots presented in this chapter, the labels created for the
dimensions are given in the figure captions.
For simplicity, when referring to the individual energy-saving measures that
participants judged, short-form versions of the wording are used. The short-
forms indicate the appliance to which the measure would be applied and the
characteristic of the appliance that would be changed by the measure. For ex-
ample, “Reduce the house thermostat by 2ºC” is referred to as “boilerHeat” (the
measure reduces the amount of heat produced by the boiler); “Replace the car
with a small one” is referred to as “carSize” (the measure reduces the size of the
car). Table 7.1 lists the short-forms of the measures.
7.2.4 Results and discussion
Participants perceived the heat reduction measures to be the most effective over-
all, specifically the boilerHeat and wmachineHeat measures, and the size reduc-
tion measures as least effective. Figure 7.2 shows the boilerHeat and wmachine-
Heat measures on the left of Dimension 1 (x-axis) and tvSize on the right. This
suggests that they perceived the heat reduction cue to indicate the most effective
measures, and the size reduction cue to indicate the least effective.
Despite an average overall perception that heat reduction measures are the
most effective at saving energy, some participants perceived the age reduction
measures as the most effective. Dimension 2 separates the heat and size reduc-
tion measures from the age reduction measures. This suggests a difference be-
tween the groups of participants located nearest to these measures in whether
they perceived heat reduction cues as indicating greatest effectiveness or the age
reduction cue as indicating greatest effectiveness.
Participants also perhaps differed in whether they perceived the effectiveness
to be related to the appliance on which the measure was implemented. In Fig-
ure 7.3, Dimension 3 appears to distinguish the physically smaller appliances on
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Figure 7.2: Participants’ perceptions of the relative effectiveness of energy-saving mea-
sures: Dimension 1 (most effective, heat reduction versus least effective, size reduction)
and Dimension 2 (heat reduction versus age reduction) (Study 4A)
the left from the larger appliances on the right, though this interpretation is tenta-
tive because there is not a very clear ordering of appliances along the dimension.
Participants appeared to use more than one cue in their judgements; it is likely
that this was in a non-compensatory way (i.e. the judgement is made on a single
cue rather than by weighting multiple cues at once), though this cannot be con-
firmed from the plots. For example, participants might use the heat reduction cue
to infer that the boilerHeat and wmachineHeat measures are the most effective
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Figure 7.3: Participants’ perceptions of the relative effectiveness of energy-saving mea-
sures: Dimension 3 (small appliances versus large appliances) and Dimension 2 (heat and
size reduction versus age reduction) (Study 4A)
when compared with most of the other measures. But, when comparing two heat
reduction measures, it would not be possible to distinguish the measures purely
based on whether they reduce heat, so participants might then have selected a
different cue, such as the appliance consumption cue (how much they perceive
the appliance to consume in the first place), to differentiate them. In Figure 7.2,
the appliances on which the most effective measures are implemented, the boiler
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and the washing machine, were spread along Dimension 1, suggesting that par-
ticipants were not basing their judgements simply on the appliance consumption
cue. However, within each type of the appliance-changing measures (e.g. within
the heat reduction measures), the boiler is always the appliance on which the
most effective measure is implemented. For example, the most effective heat re-
duction measure is the boilerHeat measure, the most effective age reduction mea-
sure is the boilerAge measure, and so on. This suggests that participants, perhaps
when the heat or age reduction cues failed to distinguish between two measures,
they might then have switched to using the appliance consumption cue instead.
There are some possible confounds in the interpretation of the Study 4A plots.
It is possible that participants were using the measure frequency cue even though
it was not intentionally included in the study stimuli. The heat reduction mea-
sures mostly required frequent implementation (“use differently” measures), whereas
the age reduction and size reduction measures relied on infrequent implemen-
tation (“replace” measures). It might be that participants perceived the frequent
measures as more effective than the infrequent measures, rather than distinguish-
ing between the heat reduction, age reduction, and size reduction measures. There
was also a potential confound in the heat reduction measures in that two of the
measures were implemented on appliances that produce heat as their primary
function (boilerHeat and wmachineHeat) while the other two appliances produce
heat as a side-effect of their primary functions (carHeat and tvHeat). The group-
ing of the two pairs of appliances along Dimension 1 suggests they might have
been perceived differently, potentially confounding the results. Both of these po-
tential confounds will be addressed in Study 4B.
7.2.5 Conclusion
Participants, on average, perceived greater energy savings from heat reduction
measures than from age reduction or size reduction measures. This suggests that
they were distinguishing the measures based on the appliance-changing cues in-
cluded in the measures. Participants varied in their perceptions with some per-
ceiving the heat reduction measures as more effective than the age reduction mea-
sures, and some perceiving the age reduction measures as more effective.
Participants were using other cues as well, possibly when the appliance-changing
cues failed to differentiate between the measures in some pair comparisons. They
sometimes used the appliance consumption cue.
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7.3 Study 4B
7.3.1 Introduction
The aim of Study 4B was to clarify whether measures that reduce the heat pro-
duced by an appliance are perceived as the most effective or whether participants
in Study 4A just perceived frequent measures to be more effective than infrequent
measures. In Study 4A, the measures that were judged overall to be the most
effective were both heat reduction measures and required frequent implementa-
tion, whereas the age reduction and heat reduction measures were all infrequent
measures. To control for the measure frequency, a second set of heat reduction
measures was included: one set reduced heat by using the appliance differently
(frequent measure); the other set reduced heat by replacing the appliance with
a more efficient one (infrequent measure). In addition, all of the appliances pro-
duced heat as their primary function to encourage more consistent perceptions of
the appliances than in Study 4A.
The following research questions were explored:
1. Does the perceived effectiveness of an energy-saving measure depend on
how the measure changes the appliance: reduces heat production versus
reduces size versus reduces age? Are heat-related measures perceived as
more effective than other measures across a range of appliances?
2. Does the perceived effectiveness of an energy-saving measure depend on
whether the measure needs to be implemented frequently (“use differently”)
or infrequently(“replace”)?
3. Does the perceived effectiveness of an energy-saving measure depend on
the perceived energy consumption of the appliance on which the measure
is implemented (i.e. kettle, oven, boiler)?
The aim was to understand how participants used the appliance consumption
cue, the appliance-changing cues, and the measure frequency cue (a measure-
based cue).
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7.3.2 Method
Study 4B was conducted in the same way as Study 4A except that a different set
of measures was presented to participants. Only the differences in the method
are reported.
7.3.2.1 Participants
Gorilla.sc was again used to present the study and collect the data from partici-
pants over the internet. Data were collected on 9-10th April 2018.
Forty-two participants were recruited through Prolific.ac and were paid £1.25
for an estimated 15 mins study. Only participants resident in the UK and at least
18 years old were eligible, and only if they had not previously participated in
Study 4A. Thirty-nine participants were included in the analysis.
The mean age of participants was 33.85 years (SD = 11.46 years), and 74%
of participants were female. Of the 38 participants who reported their highest
qualifications, 18% had GCSEs or equivalent; 32% had A level, BTEC, or equiv-
alent; 29% had an HND or degree; 18% had a post-graduate degree; one person
reported having no qualifications.
7.3.2.2 Ethics
The study was conducted in line with the requirements of the University of Sur-
rey ethics at the time. A University of Surrey self-assessment ethics form (SAFE)
was completed for the study with the receipt number 160708-160702-33109856 on
2018-03-27 11:46:04 BST. See Appendix D for copies of the record.
7.3.2.3 Procedure
The procedure was the same as for Study 4A.
7.3.2.4 Judgement task stimuli
As in Study 4A, participants judged 12 energy-saving measures presented in
pairs. The measures presented in Study 4B are shown in Table 7.3. The appliances
included in Study 4B were selected because they all produced heat as their pri-
mary function and they were all appliances that are found in the kitchen. Kitchen
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appliances were selected to control for perceptions about appliance energy con-
sumption being related to the room in which the appliance is usually used (Gabe-
Thomas et al., 2016, found that people seemed to categories appliances and de-
vices according to the room in the house in which they were typically found).
The measures included the same three appliance-changing cues as in Study
4A (age reduction, size reduction, heat reduction) to try to replicate the finding
in Study 4A that, overall, heat reduction measures were perceived to be more
effective than age reduction and size reduction measures. Two sets of heat reduc-
tion measures were included in Study 4B to try to tease apart participants’ use of
the heat reduction cue and the measure frequency cue. The “replace” measures
all improved the efficiency of the appliances by reducing heat-loss (wasted heat
production) and the “use differently” measures improved the efficiency of the
appliances by frequent efforts.
The attention-check questions from Study 4A were used.
7.3.3 Analysis
As in Study 4A, the data were processed and prepared for a dual scaling analysis.
The principal coordinates generated by the dual scaling analysis were then plot-
ted for interpretation. The data for the dual scaling analysis is shown in Table D.2
(Appendix D). An R script similar to the script shown in Appendix D was used
to run the dual scaling analysis.
7.3.3.1 Checking the dataset
The dataset was checked both for completeness and, as far as possible, to ensure
that the responses were of sufficient quality for analysis.
As in Study 4A, participants’ scores on the attention check questions were cal-
culated. Two participants’ data were removed from analysis because they scored
less than three correct answers. A third participant’s data were removed because
they scored three correct answers but, on manually checking of their data, it was
clear from their pattern of responses to some of post-task questions that they had
not fully attended to the questions asked. This left 39 participants’ data for anal-
ysis.
The time taken for each participant to complete the judgement task in the
study was calculated. A very short duration was assumed to suggest a lack of
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Table 7.3: The energy-saving measures presented to participants in Study 4B.
Appliance
change
Energy-saving measure Short name
Age Replace the kettle with a brand new one
Replace the oven with a brand new one
Replace the boiler with a brand new one
kettleAge
ovenAge
boilerAge
Size Replace the kettle with a small one
Replace the oven with a small one
Replace the boiler with a small one
kettleSize
ovenSize
boilerSize
Heat (replace) Replace the kettle with a well-insulated
one
Replace the oven with a well-insulated one
Replace the boiler with one that doesn’t
waste heat
kettleHeatR
ovenHeatR
boilerHeatR
Heat (use
differently)
Boil only the water needed in the kettlea
Use the fan-oven to cook at lower
temperaturesb
Reduce the house thermostat by 2ºC
kettleHeatD
ovenHeatD
boilerHeatD
a In one pair, this measure was worded as “Boil only the amount of water needed in the
kettle” due to a minor set-up error. All participants saw the same wording for the same
pair. The wording did not change the meaning of the measure so it was not considered
a problem during analysis. b In one pair, this measure was worded as “Use the fan-
oven option to cook at lower temperatures” due to a minor set-up error. All participants
saw the same wording for the same pair. The wording did not change the meaning of
the measure so it was not considered a problem during analysis.
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attention when answering the questions. None of the 39 participants took less
than 1.5*IQR to complete the judgement task.
7.3.3.2 Interpreting the plots
The total variance of the data in Study 4B was 0.32. Three dimensions were in-
cluded in the analysis, accounting for 78% of the variance in the data. Dimension
1 accounted for 56% of the variance, Dimension 2 for 13%, and Dimension 3 for
10%.
7.3.4 Results and discussion
There was a clear perception that the heat reduction measures were the most
effective, with all but one of the heat reduction measures being located on the left
of Dimension 1 in Figure 7.4 and most of the age and size reduction measures
on the right. This suggests that the participants perceived that the heat reduction
cue indicated greater effectiveness than the age and size reduction cues.
Participants also used the appliance on which the measure was implemented
as a cue to inferring the measure’s effectiveness. Dimension 2 in Figure 7.5 shows
that some participants perceived boiler-based measures as the most effective,
while others perceived kettle-based measures as the most effective. It is not nec-
essarily clear on what features they were distinguishing between the appliances
so Dimension 2 of Figure 7.5 is labelled according to the obvious differences be-
tween the appliances.
Participants also used the frequency of implementation of the measures as a
cue, possibly when needing to distinguish between two otherwise similar mea-
sures such as boilerHeatD and boilerHeatR. Dimension 3 separates the “use dif-
ferently” measures (on the left) from the “replace” measures (on the right) sug-
gesting that, as in Study 3, some participants perceived frequent implementations
as indicating greater effectiveness while others perceived infrequent implemen-
tations as indicating greater effectiveness. As in Study 4A, these findings suggest
that participants were not using the same single cue in all of their judgements but
were probably selecting cues according to how well they distinguish the relative
effectiveness of the pairs of measures they were judging.
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Figure 7.4: Participants’ perceptions of the relative effectiveness of energy-saving mea-
sures: Dimension 1 (most effective, heat reduction versus least effective, size/age re-
duction) and Dimension 2 (large, high-energy-consuming appliances versus small, low-
energy-consuming appliances) (Study 4B)
7.3.5 Conclusion
Participants, on average, perceived greater energy savings from heat reduction
measures than from age reduction or size reduction measures. This suggests that
they were distinguishing the measures based on the appliance-changing cues
available in the measures (i.e. heat reduction vs. size or age reduction). More
clearly in Study 4B than in 4A, participants were sometimes using the appliance
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Figure 7.5: Participants’ perceptions of the relative effectiveness of energy-saving
measures: Dimension 3 (frequent heat reduction versus infrequent heat reduction)
and Dimension 2 (large, high-energy-consuming appliances versus small, low-energy-
consuming appliances) (Study 4B)
consumption cue to infer the effectiveness of the measures. Measures imple-
mented on larger, higher-energy-consuming appliances were distinguished from
measures implemented on smaller, lower-energy-consuming appliances. Partici-
pants were possibly also using the measure frequency cue to distinguish between
heat reduction measures that are implemented frequently versus infrequently.
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7.4 Study 4C
7.4.1 Introduction
In Study 4B, participants distinguished between the infrequent “replace” heat
reduction measures and the frequent “use differently” heat reduction measures.
In Study 4C, all measures were heat reduction (or cooling reduction) and, as in
Study 4B, were implemented on appliances that are all typically found in the
kitchen. The measures all included the heat reduction cue in order to explore
whether participants would use different cues to infer the relative effectiveness
of measures if they could no longer use the heat reduction cue to differentiate the
measures.
The following research questions were explored:
1. Does the perceived effectiveness of an energy-saving measure depend on
whether the measure needs to be implemented frequently (“use less” and
“use differently”) or infrequently (“replace”)?
2. Does the perceived effectiveness of an energy-saving measure depend on
whether the measure reduces the amount of time the appliance is in use
(“use less”) or saves energy through continued use of a more efficient ap-
pliance (“use differently” and “replace”)?
3. Does the perceived effectiveness of an energy-saving measure depend on
the perceived energy consumption of the appliance on which the measure
is implemented (i.e. kettle, oven, boiler, fridge-freezer)?
The aim was to understand how participants used the appliance consumption
cue and the measure-based cues.
7.4.2 Method
Study 4C was conducted in the same way as Study 4B except that different mea-
sures were presented to participants. Only the differences in the method are re-
ported.
7.4.2.1 Participants
Gorilla.sc was again used to present the study and collect the data from partici-
pants over the internet. Data were collected on 17th April 2018.
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Forty-three participants were recruited through Prolific.ac and were paid £1.42
for an estimated 17 minutes study (the mean duration of participants in Study
4B). Only participants in the UK and at least 18 years old were eligible, and only
if they had not previously participated in Study A or Study B. Forty participants
were included in the analysis.
The mean age of participants was 33.33 years (SD = 10.49 years), and 74% of
participants were female. Of the 40 participants, 18% reported GCSEs or equiva-
lent as their highest qualification; 35% had A level, BTEC, or equivalent; 30% had
an HND or degree; 18% had a post-graduate degree.
7.4.2.2 Ethics
The study was conducted in line with the requirements of the University of Sur-
rey ethics at the time. A University of Surrey self-assessment ethics form (SAFE)
was completed for the study with the receipt number 160708-160702-33110427 on
2018-03-27 11:51:48 BST. See Appendix D for copies of the record.
7.4.2.3 Procedure
The procedure was the same as for Study 4B.
7.4.2.4 Judgement task stimuli
As in Study 4A and Study 4B, participants judged 12 energy-saving measures
presented in pairs. The measures presented in Study 4C are shown in Table 7.4.
Three heat-producing appliances previously included in either Study 4A or Study
4B were included in Study 4C (kettle, oven, boiler). A fourth appliance was added
(fridge-freezer) to include a range of kitchen appliances. Although a fridge-
freezer does not produce heat as its primary function, it was included because
fridge-freezers consume a lot of energy in households and that energy is related
to changing temperature. Cooling seemed to sometimes be used as a cue when
inferring both energy consumption and energy saving (see Studies 1 and 3).
Three types of heat reduction measures were included: infrequent “replace”
measures that improve efficiency, frequent “use differently” measures that im-
prove efficiency, and frequent “use less” measures that reduce usage time. The
“replace” and “use differently” measures were similar to those previously used in
Studies 4A and 4B. The “use less” measures were all similar to each other in that
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Table 7.4: The energy-saving measures presented to participants in Study 4C.
Measure type Energy-saving measure Short name
Use less Use the kettle 20% less
Use the oven 20% less
Use the central heating 20% less
Open the fridge-freezer 20% less
kettleLess
ovenLess
boilerLess
fridgefLess
Use differently Boil only the water needed in the kettle
Use the fan-oven to cook at lower
temperatures
Reduce the house thermostat by 2ºC
Regularly defrost the fridge-freezer
kettleDiff
ovenDiff
boilerDiff
fridgefDiff
Replace Replace the kettle with a well-insulated
one
Replace the oven with a well-insulated one
Replace the boiler with one that doesn’t
waste heat
Replace the fridge-freezer with a
well-insulated one
kettleRep
ovenRep
boilerRep
fridgefRep
they consistently stated that the appliance would be used “20% less”. This was to
avoid participants getting distracted by how much less the appliance would be
used when comparing two “use less” measures.
The attention-check questions from Study 4A were used.
7.4.3 Analysis
As in Studies 4A and 4B, the data were processed and prepared for a dual scaling
analysis. The principal coordinates generated by the dual scaling analysis were
then plotted for interpretation. The data for the dual scaling analysis is shown in
Table D.3 (Appendix D). An R script similar to the script shown in Appendix D
was used to run the dual scaling analysis.
7.4.3.1 Checking the dataset
As in Studies 4A and 4B, participants’ scores on the attention check questions
were calculated. Three participants’ data were removed from analysis because
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they scored less than four correct answers (although participants scoring three
correct answers were included after further checking in Study 4A, a participant
who scored three in Study 4B was removed so the same approach was adopted
Study 4C for consistency). This left 40 participants’ data for analysis. None of the
40 participants took less than 1.5*IQR to complete the judgement task.
7.4.3.2 Interpreting the plots
The total variance of the data in Study 4C was 0.31. Three dimensions were in-
cluded in the analysis, accounting for 77% of the variance in the data. Dimension
1 accounted for 47% of the variance, Dimension 2 for 19%, and Dimension 3 for
10%.
7.4.4 Results and discussion
Participants, on average, perceived that measures implemented on the boiler are
the most effective energy-saving measures. Figure 7.6, shows boilerDiff, boil-
erLess, and boilerRep measures on the left side of Dimension 1 and the other
measures further right with no obvious pattern between them. This suggests that
participants were using the appliance on which the measure was implemented as
a cue to infer the relative effectiveness of the measures.
Participants distinguished between the infrequent (“replace”) measures and
the frequent (“use differently” and “use less”) measures, and also between the
frequent measures according to whether the measure required the appliance to
be used differently (to make it more efficient) or used less (to reduce usage time).
In Figure 7.7, Dimension 2 shows that some participants perceived the infrequent
measures (towards the top) to be more effective and some perceived the frequent
measures (towards the bottom) to be more effective. Dimension 3 shows that
some participants perceived the “use differently” measures to be more effective
and others perceived the “use less” measures to be more effective.
The findings suggest that participants were using the appliance consumption
cue primarily and perceiving the boiler-based measures as the most effective.
They were sometimes, however, using the measure-based cues to distinguish be-
tween the relative effectiveness of measures, probably when the appliance con-
sumption cue failed to help them distinguish the relative effectiveness of two
similar measures. Similarly, perhaps when the measure frequency cue failed to
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Figure 7.6: Participants’ perceptions of the relative effectiveness of energy-saving mea-
sures: Dimension 1 (most effective, boiler-based versus least effective, other appliances)
and Dimension 2 (infrequent measures versus frequent measures) (Study 4C)
distinguish between two measures, participants used cues based on whether the
measure required the appliance to be used differently or used less.
7.4.5 Conclusion
As in Studies 4A and 4B, participants appeared to be using several different cues,
probably according to whether the cue they initially selected was useful in dis-
tinguishing the relative effectiveness of two measures. Participants initially used
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Figure 7.7: Participants’ perceptions of the relative effectiveness of energy-saving mea-
sures: Dimension 3 (longer usage, efficiency measures versus shorter usage, usage reduc-
tion measures) and Dimension 2 (infrequent measures versus frequent measures) (Study
4C)
the appliance consumption cue to perceive the boiler-based measures as the most
effective, but then, when necessary, distinguished between measures using the
measure-based cues: first measure frequency, then efficiency usage and usage
reduction.
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7.5 General discussion
The three studies, Studies 4A–4C, reported in this chapter explored and quanti-
fied a selection of the cues identified in Study 3 (see Chapter 6) that people might
use in heuristic judgements of energy savings. The findings of the studies pro-
vide support for the Study 3 findings that people use a range of different heuristic
cues to infer the relative effectiveness of energy-saving measures.
7.5.1 Heuristic energy savings cues
When the appliance-changing cues (heat reduction, age reduction, and size re-
duction) were available (Studies 4A and 4B), participants used them to judge
the relative effectiveness of energy-saving measures. Participants, on average,
perceived that heat reduction measures are generally the most effective and size
reduction measures the least effective, with age reduction measures somewhere
in-between. Participants in Study 2A in this thesis and in van den Broek (2016)’s
studies perceived the heat cue as more important or relevant to the energy con-
sumption of appliances than the size cue. In Study 3 of this thesis, the heat reduc-
tion cue was mentioned by more interview participants than the size reduction
and age reduction cues (see Table 6.4 in Chapter 6) suggesting that they perceived
it as relatively more indicative of high energy savings.
When the appliance consumption cue was available, participants sometimes
used it to distinguish between measures. When the appliance-changing cues
(heat reduction, age reduction, size reduction) were available, participants per-
ceived the relative effectiveness of the measures according to the appliance-changing
measures sometimes (probably when the appliance-changing measures failed to
distinguish two measures) they perceived the relative effectiveness according to
the appliance on which the measure is implemented. Measures implemented on
the boiler were generally perceived to be the most effective for each of the heat
reduction, age reduction, and size reduction measures. It is possible that the ap-
pliances were differentiated from each other according to some feature other than
their relative energy consumptions, such as their relative sizes, or were simply
inferring energy consumption from their relative sizes, which seems likely from
previous studies (see Studies 1 and 2A in this thesis; Baird & Brier, 1981; Chisik,
2011; Schuitema & Steg, 2005; van den Broek, 2016). It would be useful in future
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to consider participants’ estimates of energy consumption alongside their use of
energy savings cues.
When the measure-based cues were available (Studies 4B and 4C), partici-
pants used them to distinguish between the various heat reduction measures.
In particular, they used the measure frequency cue. This finding suggests that
people might not just overestimate the effectiveness of curtailment and under-
estimate the effectiveness of efficiency measures in absolute terms when tested
(Attari et al., 2010; Becker et al., 1979; Kempton et al., 1985; Lesic et al., 2018), but
they might actually perceive the relative effectiveness of the measures differently
according to the measure frequency, and whether they involve usage reduction
or efficiency usage. Curtailment measures are commonly described as being fre-
quent to implement while efficiency measures are not (Karlin et al., 2014), and
curtailment measures include usage reduction measures while most measures
that involve improving the efficiency of the appliance are considered efficiency
measures (Gardner & Stern, 2008) so the findings of the present studies can be
applied to understanding more about how people perceive curtailment versus
efficiency measures.
It is possible that participants were distinguishing between the types of mea-
sures (“use less”, “use differently”, “replace”) based on their wordings rather
than because they perceived them to differ in relative effectiveness. While this
is possible, it would arguably be more likely to be the case if participants were
doing a card sort task with the measures and could compare them all at once. The
participants in the present studies were judging only a pair of measures at once
and for a series of many different pairs so while they probably noticed patterns in
the measure wordings, they would not have known up-front what to look for be-
fore they had to make their first comparisons. Also, although there were patterns
to some of the measure wordings, not all measures within a study were worded
in the same way. In particular, in Study 4C, the “use differently” measures were
very varied in their wording. So this is unlikely to have been a problem.
7.5.2 Cue selection strategies in heuristic energy savings judge-
ments
As observed in Studies 1 and 3, participants in Studies 4A–4C had a range of
heuristic cues available to them when making their energy savings judgements.
Moreover, selection of the cues that were used to make the judgements appeared
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to vary between judgements. It is plausible that participants selected different
cues for some judgements than for others because a single cue would not help
to differentiate the relative effectiveness of all the pairs of measures being com-
pared. For example, the appliance consumption cue would probably not help
differentiate between two measures implemented on the same appliance, and the
heat reduction cue might not be that helpful in differentiating between replacing
the boiler and reducing the house thermostat. In each case, participants would
have to discard that cue and consider some other feature as a cue in order to make
their judgement and move on to the next comparison.
How people select the cues that they use in judgements has been greatly dis-
cussed and might vary between judgements or contexts (Payne et al., 1993). For
example, Berretty et al. (1999) suggested that people select cues according to “cue
validity”; that is, according to how useful the cue has been in the past at making
the judgement. Alternatively, Tversky (1972), suggested that people select cues
according to probability based on some previous weighting of the importance of
the cues to the judgement. It is not clear how participants were selecting cues
in the present studies but there does seem to have been an order of importance
according to which the cues were considered: appliance-changing cues (e.g. heat
reduction), then the appliance consumption cue (e.g. boiler), then measure-based
cues (e.g. measure frequency then measure usage). Not all of the cues, or even
the types of cues, were relevant in any given judgement so participants had to
quickly select a cue, and, if necessary, discard and select another cue, until they
were able to make a quick judgement about the relative effectiveness of a pair of
measures. It was not possible to identify which cues were used in each individual
judgement using dual scaling analysis. An alternative, more granular method of
analysis would be needed to explore this further.
7.5.3 Individual differences in cue selections
There was a lot of individual variation in the results of Studies 4A–4C in this
chapter, as can be seen from the spread of measure and participant points on
Dimensions 2 and 3 in each study. There was also a large amount of variation
in the responses to the within-participants data set in Study 2B. Together, this
suggests that future energy perceptions research should explore how individuals
vary in how they make heuristic energy judgements. Little research has investi-
gated whether people’s selection of heuristic cues in energy judgements is related
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to stable, underlying individual differences. Only Schley and DeKay (2015) have
so far explored this and found that less numerate people had a greater tendency
to use the cognitive accessibility heuristic cue in judgements of energy consump-
tion, suggesting that the relationship between numeracy and cue selection should
be explored further. For example, the Cognitive Reflection Test (CRT-2; Frederick,
2005; Thomson & Oppenheimer, 2016), which has a theoretical focus on predict-
ing people’s use of intuitive versus reflective thinking, would be relevant. Al-
though heuristics can be used in both intuitive (Types 1) and reflective (Type 2)
thinking (Evans, 2010), it is possible that people scoring differently on the CRT-2
test use heuristics, and perhaps select cues, differently.
7.5.4 Methodological reflections
Studies 4A–4C explored the use of a novel method in energy perceptions re-
search: dual scaling analysis of paired comparisons data. Overall, collecting
paired comparisons data and performing a visual, multidimensional analysis on
the data provided a much richer approach to studying the use of heuristics than
the heuristic elicitation method used in Study 2A. Unlike the heuristic elicitation
method, participants could be presented with multiple potential cues in a single
judgement and could select which of the available cues to use in each judgement.
This enabled insight into the relative preferences of cues in energy savings judge-
ments. Paired comparisons studies are also ideal for remotely collecting data
online. The presentation of a series of screens containing just two buttons works
well on most sizes of display (from desktop and laptop screens to smartphone
screens) and pressing a button is an easy interaction with a mouse, a keyboard,
and a finger on a touch-screen. Participants found the task interesting and en-
joyable: “I really enjoyed it”; “Interesting though repetitive, but now I’m quite
curious about the answers!”; “interesting, would love to know results/answers”.
As long as the paired comparisons task is of a suitable length, it is enjoyable and
easy for participants to complete.
Designing paired comparisons studies of a suitable length was found to be im-
portant. In pilot testing for Study 4A (see Chapter 7), it was found that 120 pairs
of stimuli was too many and not only did the testers get bored but they found
it difficult to focus on the task for such a long time. Limiting the study to only
66 pairs restricted the number of potential heuristic cues that could be explored
in the studies but is short enough for participants to engage with. Including just
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one more cue or appliance in one of the studies reported in this chapter would
increase the number of pairs of measures presented to more than 100, increasing
the length of the study dramatically. Instead of a single large study, running sev-
eral small studies was found to be a satisfactory solution to the problem for the
research questions addressed in this chapter.
Creating matched stimuli for an energy perceptions paired comparisons study
was challenging. The energy-saving measures presented to participants needed
to be plausible and easy-to-understand whilst still representing all the potential
heuristic cues that were to be explored by the study research question. Energy-
saving measures vary greatly in how they operate, which appliances they are
relevant to, and how effective they are. In designing the present study, it was
important to consider how the measures themselves can vary in how they are im-
plemented (e.g. reducing usage versus increasing efficiency) as well as whether
to implement the measures on the same appliance (there are not many different
measures relevant to a single appliance) or a range of appliances (not many mea-
sures can be applied in the same way to many different appliances).
When constructing the stimuli for the studies, it was not possible to control
for all of the relevant features in the set of energy-saving measures. It was some-
times difficult to phrase the measures appropriately so that they made sense to
the participant without being ambiguous. For example, the word “efficient” can
mean energy efficient, more technologically advanced, or cost-saving (not always
the same thing). Some compromises were necessary, such as including the replace
the kettle with a well-insulated one measure which, while possible for householders
to implement, is not as well-known as other measures such as boil only the wa-
ter needed in the kettle. The relative familiarity of the measures might also have
influenced participants’ judgements and should be controlled in similar future
studies.
It is possible that participants in the present studies were using the cues sim-
ply because they were clearly available in the measures they were judging. How-
ever, there is no reason to doubt that most of the participants took part in good
faith and responded to the questions about effectiveness as asked; some partic-
ipants even left messages saying how much they had enjoyed taking part and
wanted to know the answers to the questions! Participants had to compare every
measure with every other measure so they had the opportunity to make use of
every cue. If they had no perceptions about the relevance of the different cues, or
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the relative effectiveness of the measures, it is likely that there would have been
no clear patterns on the plots in each study.
The method of dual scaling analysis was useful because it enabled a visual,
multidimensional comparison of multiple cues at once. It was, however, diffi-
cult to learn how to interpret the plots. Clear documentation on how to use the
method would be useful for future research to make use of it.
7.6 Conclusion
People perceive heat reduction cues as indicative of the most effective energy-
saving measures. Age reduction and size reduction cues were perceived to be
less indicative. The appliance consumption cue was also perceived to be impor-
tant and was also sometimes used to differentiate measures, probably when the
appliance-changing measures (e.g. heat reduction) failed to distinguish the rela-
tive effectiveness of two measures. Similarly, when present, measure-based cues
were also used (first measure frequency, then measure usage cues) to differentiate
between the relative effectiveness of measures.
This initial, quantitative exploration of the heuristic cues used in energy sav-
ings judgements provides some interesting findings and suggests various lines
of future research to better understand how householder make heuristic energy
savings judgements.
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Part III
General Discussion and Conclusion
236
Part III of this thesis draws together the findings from Parts I and II and dis-
cusses the implications of the findings for energy perception research, theory, and
methods. The research in Part I systematically reviewed the existing heuristic en-
ergy perceptions research and then constructed a novel categorisation-based the-
oretical model of how people make heuristic energy judgements. Mixed methods
were then used to identify and test a set of heuristic cues (new and previously re-
ported in the literature) that householders use to infer the energy consumption
of appliances. Part II also used mixed methods in a novel research direction to
identify and explore the heuristic cues that householders use to infer the relative
energy savings of measures.
Throughout the research in both parts of this thesis, the methods used to quan-
tify the qualitative findings have been explored and evaluated to design simple,
engaging studies that can be run remotely online and produce valid and reliable
results. The findings of this investigation are also discussed.
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Chapter 8
General Discussion
8.1 Summary of findings
The research in this thesis explored the cognitive processes underlying house-
holders’ judgements of energy consumption and energy savings. The research
showed that energy consumption judgements are distinct from energy savings
judgements, with additional steps and processing required to estimate savings
than to estimate consumption. Householders try to simplify the complexity of
both types of energy judgements by using the heuristic process of feature sub-
stitution but use different cues to infer energy consumption than to infer energy
savings. The first part of the thesis explored, qualitatively and quantitatively, the
cues that people use to infer the energy consumption of appliances using feature
substitution. The second part explored, qualitatively and quantitatively, the cues
that people use to infer the relative effectiveness of energy-saving measures using
feature substitution. A summary of the findings of each chapter is given below
and Table 8.1 provides a brief overview of the conclusions of each chapter.
8.1.1 Householders’ perceptions of energy consumption
A systematic literature review of the small number of previous studies of heuris-
tic energy judgements led to constructing a categorisation-based model of how
people might use feature substitution (Kahneman & Frederick, 2002) in energy
judgements (see Chapter 2). Energy consumption is difficult to judge so people
try to simplify the judgement by substituting energy consumption with informa-
tion from a more easily accessed feature of the appliance. Size was the most stud-
ied heuristic cue in the reviewed literature but the studies identified a range of
other features that people also used as cues in energy consumption judgements.
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Table 8.1: Conclusions from each chapter in this thesis.
Part I: Energy Consumption
Perceptions
Part II: Energy Savings Perceptions
Background
& literature
Chapter 2: Systematic literature
review and theoretical model
A systematic literature review of
heuristic energy perceptions
research concluded that people
probably use feature substitution
to save effort when judging
appliance energy consumption. A
novel categorisation-based
theoretical model of feature
substitution was constructed of the
cognitive processes underlying
heuristic energy judgements.
The heuristic energy perceptions
research in the literature has
explored the use of heuristics in
judgements of energy consumption
but not of energy savings. The
research in Part II provides a novel
exploration and findings of
heuristic energy savings
judgements.
Exploring
perceptions
Chapter 3: Study 1 – Exploring
energy consumption perceptions
Chapter 6: Study 3 – Exploring
energy savings perceptions
Novel and previously reported
heuristic energy consumption cues,
including size and heat, were
identified in a qualitative study.
People use heuristic cues to
simplify judgements; multiple cues
in a judgement can lead to
confusion and uncertainty.
A novel, qualitative exploration of
energy savings judgements
identified a variety of heuristic
cues used to infer energy savings.
Energy savings judgements are
more complex than energy
consumption judgements, even
when using heuristics.
Quantifying
heuristic
cues
Chapter 4: Study 2A – Quantifying
energy consumption cues
Chapter 7: Studies 4A, 4B, 4C –
Quantifying energy savings cues
Heuristic cues identified in Study 1
were tested using the heuristic
elicitation design. Previous
research in the literature had
suggested that size is most
important in energy consumption
judgements, but heat estimates
correlated even more strongly than
size.
Heuristic cues identified in Study 3
were explored in three paired
comparisons studies. Heat
reduction measures, boiler-based
measures, and frequent measures
were perceived to be the most
effective ways to save energy.
Evaluating
methods
Chapter 5: Study 2B – Correlation
methods in energy perceptions research
Chapter 7 (cont.)
Different methods of correlation
produced different coefficients
when correlating size and energy
consumption estimates. This novel
evaluation of heuristic testing
methods showed the importance of
selecting and reporting
appropriate methods in energy
perceptions research.
Dual scaling analysis of paired
comparisons data was used for the
first time to investigate the use of
heuristic energy savings cues. Dual
scaling provides a useful,
exploratory, visual approach to
exploring how people select and
use energy savings cues in
heuristic judgements.
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The literature review identified gaps in how the theory of feature substitution ex-
plains heuristic energy judgements, so the theory was elaborated and extended
by constructing a novel model which uses established categorisation theories (e.g.
Barsalou, 1982, 1983, 2010; Mervis & Rosch, 1981) to describe the underlying cog-
nitive processes of feature substitution in energy judgements.
The qualitative study (Study 1) in Chapter 3 explored, in semi-structured in-
terviews, householders’ perceptions of energy consumption and identified sev-
eral features of appliances that were used as cues to infer the energy consumption
of appliances. While some of the cues identified had been reported in previous re-
search (size of the appliance; frequency or duration of usage; amount of heat pro-
duced by the appliance; perceived energy intensity; Baird & Brier, 1981; Chisik,
2011; Schley & DeKay, 2015; Schuitema & Steg, 2005; van den Broek, 2016), other
cues were new (age of the appliance; amount of activity, noise, or movement pro-
duced by the appliance; number of instances of the appliance in use at once).
The study also demonstrated the complexity of judging the energy consumption
of appliances. Participants tried to use as few cues as possible in a judgement
to simplify it, sometimes inferring energy consumption from only a single cue.
If they tried to consider more than one cue in a judgement, and the cues led to
contradictory inferences about energy consumption, they had to resolve the con-
flict, sometimes getting confused and uncertain about completing the judgement.
Even a small increase in the number of cues could make the simplified heuristic
judgement more complex again.
A selection of the heuristic cues identified in Study 1 were quantitatively
tested in Study 2A in Chapter 4. Estimates of the size of appliances and of the
amount of heat they produce were both strongly associated with estimates of en-
ergy consumption. The method of data collection and analysis used in Study 2A
was compared with other methods in Study 2B in Chapter 5 and critically eval-
uated. The findings of Study 2B demonstrated the importance of selecting ap-
propriate methods for the research question and of clearly reporting the methods
used so that the findings can be compared with other studies in future reviews.
Study 2B also showed, through using a different method of data collection and
analysis, that there was wide variation between participants in the strength of
their associations between size and energy consumption and, potentially, their
use of the size cue in energy consumption judgements. Table 8.2 lists the full set
of heuristic cues identified in Studies 1 and 2.
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Table 8.2: Heuristic energy consumption cues identified by the research in Part I of this thesis.
Study Heuristic Cue Study Design Analysis Method
1 Frequency of usage Qualitative: Semi-structured interview Thematic analysis
Duration of usage
Numerousness
Amount of activity
Heat
Cooling
Noise
Movement
Size
Age
Energy intensity
2A Size Quantitative: Heuristic elicitation designb Correlation
Heata
2B Size Quantitative: Heuristic elicitation designc Correlation
a Also tested the frequency of usage and duration of usage cues but neither correlated with energy consumption, pos-
sibly because of methodological problems.
b Between-participants design.
c Between-participants and within-participants design.
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8.1.2 Householders’ perceptions of energy savings
The qualitative study (Study 3) in Chapter 6 explored, in semi-structured inter-
views, householders’ perceptions of energy savings and identified several fea-
tures of appliances and energy-saving measures that were used as cues to infer
the energy savings of the measures. No previous research has explored the use of
heuristic cues in judgements of energy savings. The energy savings cues identi-
fied were based on the perceived energy consumption of the appliance on which
the energy-saving measure is implemented (the energy consumption cue), the way
in which the measure changes the appliance to save energy (the appliance-changing
cues: heat reduction, size reduction, age reduction), and the features of the mea-
sure itself (the measure-based cues: measure frequency, usage reduction, efficiency
usage). Perceptions of energy savings were shown to be even more complex than
perceptions of energy consumption. As found in Study 1, participants in Study 3
tried to use as few cues as possible to simplify judgements of energy savings, and
using more than one cue added complexity back in to a judgement.
A selection of the heuristic cues identified in Study 3 were quantitatively ex-
plored in Studies 4A–4C in Chapter 7. When the appliance-changing cues were
available, participants used them to judge the relative effectiveness of energy-
saving measures. Participants perceived that heat reduction measures are gen-
erally the most effective and size reduction measures the least effective. Par-
ticipants also used the appliance consumption cue to distinguish between heat
reduction measures. The boiler-based heat reduction measures were always per-
ceived as more effective than any other measures across the three studies. Partic-
ipants perceived the relative effectiveness of the measures first according to the
appliance-changing measures, then by appliance, with the boiler generally per-
ceived to be the most effective for each of the heat reduction, age reduction, and
size reduction measures. When the measure-based cues were available, partic-
ipants used them to distinguish between the various heat reduction measures.
Table 8.3 lists the full set of heuristic cues identified in Studies 3 and 4.
The method of dual scaling analysis used in Studies 4A–4C is novel in heuris-
tic energy perceptions research and a large amount of effort went into designing
the studies and researching the method. Dual scaling was the most appropri-
ate method for the studies and useful in providing visualisations of the data to
interpret.
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Table 8.3: Heuristic energy savings cues identified by the research in Part II of this thesis.
Study Heuristic Cue Study Design Analysis Method
3 Energy consumption Qualitative: Semi-structured interview Thematic analysis
Heat reduction
Cooling reduction
Age reduction
Size reduction
Efficiency increase
Usage reduction
Efficiency usage
Measure frequency
4 Energy consumption Quantitative: Exploratory paired
comparisons design
Dual scaling analysis
Heat or cooling reduction
Age reduction
Size reduction
Usage reduction
Efficiency usage
Measure frequency
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8.2 Implications for energy perceptions research
The research in this thesis provides novel contributions to energy perceptions re-
search by adopting new methods and drawing on cognitive theories to explore
householders’ perceptions of energy consumption and savings. The studies pro-
vide support for the energy consumption heuristic cues reported in previous
research and also identify previously unreported cues that people use to infer
the energy consumption of appliances. Previous research has only investigated
the use of heuristic cues in energy consumption judgements; the research in this
thesis also explored the use of heuristic cues in energy savings judgements and
showed that people make heuristic judgements of energy savings in a similar way
but using different, more varied, cues. The qualitative studies in this thesis also
provided new insights into how people use the cues to simplify energy judge-
ments and how using more than one cue in a heuristic judgement can lead to
conflicting inferences that add complexity and uncertainty to the judgement. The
quantitative studies in this thesis explored the identified cues and investigated
new methods for use in energy perceptions research.
8.2.1 Perceptions of energy savings versus energy consumption
Perceptions of energy savings are not the same as perceptions of energy consump-
tion. The studies in Part II of this thesis demonstrated that perceptions of energy
savings are more complex than perceptions of energy consumption. Both en-
ergy consumption and energy savings judgements are complex if fully “rational”
judgements are attempted in which all the relevant information is considered and
weighed up. People try, however, to simplify the judgements by using the heuris-
tic process of feature substitution (Kahneman & Frederick, 2002). Although the
same process of feature substitution is used in both cases, the heuristic cues used
in energy savings judgements are different from those used in energy consump-
tion judgements. The energy savings cues are related to the energy consumption
cues to some extent. For example, appliance energy consumption is perceived
to be related to the heat, size, and usage of the appliance, while the energy sav-
ings of a measure is perceived to be related to heat reduction, size reduction, and
usage reduction of the appliance on which the measure is implemented. Per-
ceptions of the effectiveness of energy-saving measures were also inferred from
the perceived energy consumption of the appliances on which the measures are
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implemented. The appliance energy consumption was, in turn, inferred from
perceptions of heat, size, usage, and so on. This nesting of energy consumption
cues within energy savings cues shows how energy savings judgements are more
complex than energy consumption judgements even when people are trying to
save effort by using heuristics.
8.2.2 The development of cues to use in energy judgements
According to the heuristics literature, the perception of features as heuristic cues
develops through experience. For example, Tversky (1972) illustrated the selec-
tion of heuristic cues (“aspects”) in the context of buying a new car and basing
the judgement of which car to choose on cues such as whether it has automatic
transmission. Similarly, Berretty et al. (1999) illustrated how people use heuristic
cues to categorise and identify a particular type of wine through selecting cues
related to the colour, smell, and taste of the wine. In both case, the cues are very
specific to the particular objects being perceived and to the context of the judge-
ments being made (i.e. buying cars and identifying wines). It is likely that energy
judgement cues are similarly developed through experience of using and saving
energy, whether that is from personal experience of the world (e.g. some appli-
ances feel hot to touch; things that are large are usually heavy and take a lot of
effort to move), personal experience of energy use and energy saving, talking
to friends and family, or from energy-saving campaigns and government policy.
Experience of using an in-home display (IHD) of energy consumption feedback
might also contribute to this. For example, becoming aware of how much energy
a kettle consumes when it is switched on (e.g. Kidd & Williams, 2008) might lead
to developing the use of a cue about heating up water: appliances are inferred to
consume high amounts of energy if they heat up water.
It is possible that people develop some of their energy savings cues from the
energy consumption cues they have already developed. For example, perceiving
that heating water (heat cue) consumes high amounts of energy could lead to de-
veloping the perception that reducing the amount of water heated (heat reduction
cue) saves energy. In Study 1 of this thesis, all participants mentioned perceiving
that the more they use an appliance the more energy it consumes. It is plausible
then that people might develop the energy savings cue that reducing the usage
of an appliance (usage reduction cue) saves energy. This might be a reason why
householders tend to think of curtailment measures when considering how best
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to save energy—they are just more intuitive. Buchanan, Russo, and Anderson
(2014) found that the most common response to energy consumption feedback
was to switch appliances off; buying replacement appliances to save energy was
much less common. Yet efficiency improvements are generally considered by ex-
perts to be more effective than curtailing usage (Dietz, Gardner, Gilligan, Stern, &
Vandenbergh, 2009; Gardner & Stern, 2008). It is not clear, though, how someone
would develop a cue that leads to the inference that continuing to use a more effi-
cient appliance (efficiency usage cue) also saves energy. Saving energy by contin-
uing to use appliances with improved efficiency is perhaps just not that intuitive
to people, relative to just using appliances less. Future research should explore
people’s perceptions of “efficiency” and what it means to them (e.g. technological
changes, cheaper energy, less energy).
8.2.3 Encouraging the use of valid cues
If people learn heuristic energy cues and their relative validities through experi-
ence, but they lack relevant experience, it might be possible to design interven-
tions to help them learn to use certain cues to ensure more effective energy sav-
ings judgements. Van den Broek (2016, Chapters 7 & 8) found that teaching stu-
dents to use the heat cue in heuristic energy consumption judgements improved
the accuracy of their perceptions of the relative energy consumption of appli-
ances, suggesting that it is possible to teach people to use new cues. Teaching the
heat cue to participants increased the accuracy of their perceptions of the energy
consumption of appliances but did not, however, change their perceptions of the
effectiveness of energy-saving measures (van den Broek, 2016), suggesting that
people cannot always or necessarily develop energy savings cues from energy
consumption cues. It is possible that people can also be taught to use particular
energy savings cues directly and that that would improve their perceptions of
which measures are the most effective. For example, if efficiency improvements
are generally more effective than curtailing the usage of appliances (e.g. Dietz et
al., 2009; Gardner & Stern, 2008), the findings of Studies 3 and 4C suggest that it
might be beneficial to encourage the use of the infrequent measures cue or the ef-
ficiency usage cue, which should both lead to perceptions of efficiency measures
being the most effective ways to save energy.
It should be investigated, however, whether it is possible to teach energy sav-
ings cues in a simple way. For example, teaching people the heat reduction cue
Chapter 8. General Discussion 246
might help them to distinguish the potential energy savings between buying a
smaller TV and buying a more efficient boiler but it would not help them to
distinguish between running cooler washing machine programmes and turning
down the thermostat. Similarly, teaching householders simply that infrequent
measures are more effective than frequent measures is probably too vague and
does not help householders prioritise which appliances they should replace to be
more efficient. Single dimension solutions that are intended to simplify judge-
ments might just end up being too simplistic to be helpful. The alternative, to
teach a combination of multiple valid cues, has the potential to make the simpli-
fied judgements complex again, defeating the purpose of making the judgement
heuristically. It might be that certain combinations of cues are appropriate and
easily understood while other combinations (e.g. that lead to conflicting infer-
ences) are not.
8.2.4 Targeting and tailoring advice based on intuitive use of
cues
An alternative approach to improving energy judgements would be to tailor energy-
saving advice to individuals according to how they intuitively make energy sav-
ings judgements instead of trying to change how they make those judgements.
People have knowledge of energy saving from their own experiences and it shapes
how they make sense of new information (Darby, 2003) so it is important that ad-
vice is tailored to the way that the individual householder thinks about energy
(Revell & Stanton, 2017). Tailored advice on energy saving has been shown to
lead to actual energy savings (Delmas et al., 2013; Mogles et al., 2017). The find-
ings from Part II of this thesis suggest that energy-saving advice should be framed
in terms of encouraging heat reduction and focused on the highest energy-consuming
appliances. For example, only recommend measures such as reducing the ther-
mostat setting or replacing the boiler. This approach is potentially problematic,
though, when it comes to car-related advice because, although cars are high en-
ergy consumers, they are not really associated with producing a large amount of
heat. Further research should explore the associations people hold specifically
with cars.
Advice needs to correspond with householders’ intuitive understanding of
how to effectively save energy because it might not be well-received by house-
holders if it conflicts with their existing beliefs. As well as providing advice in
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terms of generally used heuristic cues, it might also be possible to tailor advice
according to the cues that individual householders use. For example, if an in-
dividual associates greater savings with replacing old appliances with new ap-
pliances, the advice could frame recommendations in those terms or could even
prioritise measures that replace old with new in order to sound most plausible
and credible to the householder. It might be possible to elicit the heuristic cues
used by individuals using simple paired comparisons quizzes in the course of a
home energy audit or digital audit.
8.2.5 More information is not helpful
Providing detailed information about energy consumption to householders is of-
ten seen as the way to increase their knowledge so that they can make informed
judgements about how to save energy but this is not necessarily the case. For ex-
ample, energy feedback researchers often call for disaggregated, appliance-level
energy consumption feedback (e.g. Buchanan et al., 2015; Fischer, 2008; Kempton
& Layne, 1994; Schley & DeKay, 2015; Wilhite & Ling, 1995) and sometimes re-
port that householders themselves want appliance-level consumption feedback
to understand the detail of their energy consumption better (e.g. Hargreaves,
Nye, & Burgess, 2010; Kidd & Williams, 2008; Wilhite, Høivik, & Olsen, 1999).
But many householders do not understand even the whole-house energy con-
sumption feedback provided by in-home displays (IHDs; Buchanan et al., 2015;
Hargreaves et al., 2010; Kidd & Williams, 2008), let alone additional layers of
information as well. Moreover, in a systematic review of the small number of
studies that have investigated the savings from appliance-level feedback, Kelly
and Knottenbelt (2016) found that savings were very small for most household-
ers. Some of Murtagh, Gatersleben, and Uzzell (2014)’s interview participants
did not even feel it was necessary to use the detailed level of information about
energy consumption that IHDs can supply—they felt that they could cope with
saving energy without it. Providing more detailed energy information to house-
holders is likely to just overwhelm them more than help them. Research has also
shown that even if people have an initial interest in the IHD, it tends to wears off
after a short period of time (Buchanan et al., 2014; DECC, 2013a; Hargreaves, Nye,
& Burgess, 2013; Karlin, Zinger, & Ford, 2015; Pierce, Fan, Lomas, Marcu, & Pau-
los, 2010; van Dam, Bakker, & van Hal, 2010). Energy is just one of many things
to deal with in everyday life and many people just do not care to devote time and
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energy of their own to building up enough knowledge to be able to make detailed
judgements about it. Moreover, it is likely that even gaining more detailed knowl-
edge will not necessarily help them make more accurate judgements (Kempton,
1986; Norman, 1983). Instead, any help provided to householders should support
them using the simplified, heuristic judgements they intuitively make anyway.
8.2.6 Energy savings cues to explore further
The research in this thesis has identified several cues that are potentially used
in energy savings judgements but there might be others. For example, van den
Broek (2016, Chapter 5) suggested that people might use the amount of effort it
takes to implement a measure as a cue to the effectiveness of energy-saving mea-
sures. In Study 3 of this thesis, the finding that measure frequency is used as an
energy savings cue could be reinterpreted as perceptions of effort being used to
infer energy savings. Driving more efficiently on every car journey arguably takes
more sustained effort to save energy than replacing the car with a more efficient
one which, once purchased, saves energy (relative to the original car) without
further effort. A perception of greater effort might be used as a cue by house-
holders to infer that a greater amount of energy would be saved. Energy sav-
ings researchers typically assume frequently implemented curtailment measures
to be highly effortful (e.g. Gardner & Stern, 2008; Kempton et al., 1985) relative
to infrequently implemented efficiency measures. However, Truelove and Gillis
(2018) suggested that householders actually perceive infrequent efficiency mea-
sures, with their high financial cost and necessary up-front research and planning
to be more effortful than frequent, low-cost, possibly habitual, measures. In Stud-
ies 3 and 4C, participants varied in whether they perceived frequent or infrequent
measures to be the most effective, so people might use an effort cue differently
based on how they experience and think about the measures.
The research in this thesis has taken a cognitive approach to identifying cues
but people might also use cues based on more social processes. For example,
Kahneman and Frederick (2002) considered affect to be used in feature substi-
tution. In the context of energy perceptions, Murtagh et al. (2014) reported par-
ticipants who “knew” that they should not use the tumble dryer but it was not
clear where they acquired that knowledge. In the interviews for Studies 1 and 3,
there were occasional comments made by participants about certain appliances
(including the tumble dryer) or activities being “bad” or “good” suggesting that
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affect might be used as a cue in energy perceptions too and should be explored
further. Perceptions of “waste” might also be used as cues to how much energy
could be saved by a measure. For example, switching off the lights when no one
is in the room can be perceived as not wasting energy. Participants in Study 3
mentioned waste several times but further investigation would be necessary to
understand better how people define waste and whether they link it directly to
how much energy they perceive can be saved by reducing that waste. People’s
feeling of familiarity with a measure might also be used as a cue when judging
the measure’s effectiveness. The more that people are exposed to a stimulus, the
more they prefer it (Zajonc, 2001). It is also reasonable for householders to assume
that if a measure feels familiar, it is because expert advice has recommended that
measure often. It is plausible that people might perceive measures to be more
effective if they feel more familiar and so use familiarity as a cue to effectiveness
because it assigns positive affect and affective cues are very easy to access. So
if the person has a positive feeling about a measure, they could reduce effort by
substituting positive affect for energy savings and base their judgement on that
positive feeling (Kahneman & Frederick, 2002). The familiarity of the measures
was not controlled for in the design of the Studies 4A–4C but participants’ overall
perceptions of the relative effectiveness of the measures could have been partly
influenced by their perceptions of familiarity. Future research should investigate
this further.
8.3 An heuristic model of energy judgements
The evidence accumulation model (Lee & Cummins, 2004), mentioned in Chap-
ter 2 can be used to explain how cues are selected and used in heuristic energy
judgements.
8.3.1 Categorisation and feature substitution in energy savings
judgements
Based on the existing energy consumption literature, a categorisation-based model
of feature substitution was constructed in Chapter 2 to explain how people might
estimate the energy consumption of appliances using heuristic cues. A person
might not know how much energy is consumed by a washing machine or a kettle
but they can probably judge that the washing machine is physically larger than
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the kettle. By creating a goal-derived category (Barsalou, 1983, 2010) of large ap-
pliances and positioning each of the two appliances on a scale of typicality (the
washing machine is more typical of the category than the kettle), they can map
the relative positions of the appliances to a similar scale of typicality of a goal-
derived high-energy-consuming appliances category. The washing machine can then
be inferred to consume more energy than the kettle. If possible, the person can
make the judgement quickly and easily based solely on the single cue of size.
The findings of Studies 1 and 2 in Part I of this thesis provide more insight
into how judgements of energy consumption are made and generally support
the model proposed in Chapter 2. According to the findings of Study 1, partici-
pants who need to use (and have to weigh up) more than one cue in a judgement
find it more complex. In this case, they are probably having to perform the fea-
ture substitution for each cue then retain in memory the inference they made
about energy consumption based on each cue. Whilst retaining the inferences,
they need to decide whether the inferences correspond or whether they conflict
with each other, in which case the conflict needs to be resolved. To resolve con-
flicting inferences from multiple cues, the person must somehow decide which
cue is a greater indicator of high energy consumption and then base their final
judgement on that cue or on a weighted trade-off between two or more of the
cues. All of this requires working memory, effort, and access to associations that
they might not even have. Working memory capacity varies between individ-
uals and is closely associated with cognitive capacity, deductive reasoning, and
general intelligence (Stanovich & West, 2000). This complexity of processes and
likely reliance on working memory might provide some insight into why there
appears to be variation between people in their use of cues in energy judgements
(see Study 2B in Chapter 5 and Studies 4A–4C in Chapter 7), though this would
need to be tested in future research.
It is possible to apply the categorisation-based model of feature substitution
in Chapter 2 to heuristic energy savings judgements as well as to heuristic energy
consumption judgements. The research reported in Part II of this thesis is the
first to explore the heuristic cues that householders might use to infer the effec-
tiveness of energy-saving measures. The findings of Studies 3 and 4 show that
householders probably make energy savings judgements using a similar heuris-
tic approach as energy consumption judgements but using different cues and also
cues inferred from other cues. Participants seemed to infer energy savings from
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the identified cues through the same categorisation-based process of feature sub-
stitution. For example, when comparing the relative effectiveness of the measures
“replace the car with a newer one” and “drive more efficiently”, householders can
categorise the two measures in a goal-derived category of age reduction. If they
rank the measures according to their perceived reduction in age (replacing the car
would rank much higher than driving more carefully), they can map that rank po-
sition to a similar rank position on the goal-derived category of high-energy-saving
measures, and infer that replacing the car saves more fuel than driving more care-
fully. Conversely, if the goal-derived category is of frequent measures, the “drive
more efficiently” measure would rank more highly than the “replace the car with
a newer one” measure and so driving more efficiently is inferred to save more
energy. For people who believe that one-off measures save more energy than
repetitive measures, the goal-derived category would just be reorientated as in-
frequent measures and then mapped to the high-energy-saving measures category to
infer that replacing the car would save more fuel. The fit of the categorisation-
based model of feature substitution in energy judgements should be evaluated in
future research.
8.3.2 Evidence accumulation and complexity in energy judge-
ments
It is generally assumed that to make a “rational” judgement with the greatest
amount of accuracy, the person should be able to consider every relevant piece of
information before making the judgement. In practice, this means that the per-
son making the judgement must access (retrieve from memory or obtain from
elsewhere) the values of all the relevant cues, then assign weightings to each
cue according to a complex algorithm (the “weighted additive rule”) to deter-
mine the answer (Payne et al., 1993; Shah & Oppenheimer, 2008). This form of
judgement-making is known as the “rational” model (Lee & Cummins, 2004),
which implies alternative approaches are “irrational”. It is unlikely, however,
that most householders have access to all the relevant information that would be
required to make an energy judgement using this “rational” approach, especially
a judgement about energy savings. Even if they did have access to the infor-
mation, without specialist training and computer software to help model all the
information, it is unlikely that they would be able to mentally organise and ac-
cess all the information to be able to make use of it (Barsalou, 1991; Gigerenzer &
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Gaissmaier, 2011; Payne et al., 1993). Energy judgements are so complex that it is
arguably more “rational” for most householders to try to simplify the judgement
and make it possible to even attempt (Gigerenzer & Gaissmaier, 2011).
Heuristics research (e.g. Kahneman & Tversky, 1996; Payne et al., 1993) often
assumes that people sacrifice accuracy for simplicity when they ignore informa-
tion in a judgement by using heuristics but this is a point of contention in the lit-
erature. Gigerenzer and Gaissmaier (2011) and Goldstein and Gigerenzer (2002)
argued that people always use the simplest approach and adding more informa-
tion to a judgement does not necessarily make the judgement more accurate. The
simplest judgement (e.g. deciding which of two energy-saving measures is the
most effective) is based on just a single cue. The person might have to try several
cues in series if, for example, they are trying to distinguish between two mea-
sures implemented on the same appliance, such as “replacing the car with a more
efficient one” and “driving more efficiently”. The consumption of the car is the
same in both cases so they would first try, then discard, the energy consumption
cue and perhaps try the measure frequency cue instead. Only one cue is tried at
once, according to Goldstein and Gigerenzer (2002).
Participants in Studies 1 and 3 generally seemed to take this approach of only
using one cue at once in a judgement but, sometimes, they had to weigh up two or
more cues at the same time. For example, in judging the relative energy consump-
tion of a kettle and a washing machine, one participant in Study 1 got confused
when she added more cues to the judgement. She initially inferred from the heat
cue that they consumed similar amounts of energy but then added the size cue
into the judgement and inferred that the washing machine must consume more.
She got confused when she then tried to add the frequency of usage cue as well
because it conflicted with her previous conclusion and she was then uncertain
about which appliance consumes more energy. If she had stopped adding more
cues to the judgement, she could have confidently made a judgement without
the uncertainty. The order in which she selected the cues would have determined
which appliance she perceived to consume the most. According to the “ratio-
nal” model of judgement-making, she was correct that all those features, and
more, were relevant to the judgement but by trying to include even just three
cues in her judgement she got confused and was unable to confidently complete
the judgement. The more cues that need to be weighed up and integrated into
the judgement, the more complex the judgement becomes, especially if, as found
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in Studies 1 and 3, the cues lead to conflicting inferences that must be resolved
before the judgement can be completed.
8.3.2.1 Heuristic strategies in judgements made from more than one cue
Shah and Oppenheimer (2008) discussed how it is possible to use heuristics in
one or more separate parts of the judgement process. The majority of this the-
sis has focused people reducing the number of cues they use to save effort by
considering less information, retrieving fewer cue values, and integrating less in-
formation into the judgement. However, effort can also be saved in other ways
and participants in Study 1 (see Theme 2) were not always able to save effort
by using just a single cue in a judgement. In some cases, they tried to use two
(or even three) cues at once, possibly because they felt that they should appear
“rational” to the interviewer, or sometimes just because the two appliances they
were comparing could each be inferred to consume higher amounts of energy or
lower amounts of energy, depending on which cue was used. When inferences
from two cues led to the same conclusion about which appliance consumes more
energy, the judgement was easy to make. In such judgements, it appeared that
multiple cues providing similar inferences gave participants greater confidence
about the judged energy consumption of the appliances.
Participants in Study 1 sometimes found that the inferences about energy con-
sumption from the two cues were contradictory and they then had to resolve the
conflict before they could complete the judgement. In a “rational” judgement,
participants would have to consider all relevant cues and then weight them for
their relative importance before integrating the information to make a judgement
(Payne et al., 1993; Shah & Oppenheimer, 2008). Although participants in Study
1 were not trying to use all relevant or available cues, they were using more
than one cue and so they still needed to weight the cues in some way in order
to make a judgement. In some cases, they appeared to have some perception of
the relative importance of the two cues and were able to resolve the conflict by
inferring that one of the cues was a better indicator of energy consumption than
the other. For example, the fridge-freezer’s lower level activity for a longer du-
ration was perceived to indicate greater energy consumption than the washing
machine’s greater level of activity for a shorter duration; that is, the duration of
time switched on was perceived to indicate greater energy consumption than the
level of activity. This implies that although participants were still saving effort by
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using as few cues as possible, they were attempting to weight them in order to
judge which was more indicative of higher energy consumption.
However, in some of the examples of judgements in Study 1, participants ap-
peared to try to simplify the judgement by avoiding weighting the relative im-
portance of the cues at all. They appeared to use an “equal weighting” heuristic
(Payne et al., 1993) such as “the frequency of good and bad features” (FRQ, Alba
& Marmorstein, 1987). In using the FRQ heuristic, participants weighted all the
cues equally and then inferred the greatest energy consumption for the appliance
that had the greatest number of cues from which high energy consumption could
be inferred. For example, although the fridge-freezer is switched on for longer,
the car consumes both a high intensity of energy and produces higher levels of
activity: the car wins with two cues to the fridge-freezer’s one cue. This approach
simplified the judgement enough that they were able to complete it.
In the occasional situation in which participants could not complete the judge-
ment at all, it was perhaps because they were not using a simplifying heuristic
such as “equal weighting” and were instead trying to make a “rational” judge-
ment but finding it too difficult. For example, when judging the consumption of
the microwave versus the oven, the participant tried to weight the relative impor-
tance of the cues (heat production, intensity of energy, duration switched on) but
could not. Similarly, when judging the consumption of the washing machine ver-
sus the kettle, another participant tried to weight the relative importance of the
cues (heat production, frequency of use, size) and could not. It is unsurprising
that householders maybe just do not have access to all of the information about
the relative importance of cues in energy judgements. It would actually make
more sense to use simplifying heuristic strategies such as equally weighting the
cues and the FRQ heuristic, which would probably have helped these participants
to have completed their judgements.
8.3.2.2 Combining the heuristic and rational models
When considering the number of cues used by people in their judgements, Lee
and Cummins (2004) and Newell (2005) proposed integrating the two heuristic
models: people can make simple judgements on the basis of one or very few cues
but, if they feel that they need more “evidence” (cues) to make the judgement,
they can do that instead. How many cues are used in the judgement can depend
on the individual, the situation, or the task (Lee & Cummins, 2004; Newell, 2005;
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Payne et al., 1993) so people vary in how they approach energy judgements. It
might be that some people just feel that they are doing the right thing by trying
to “rationally” (as they might see it) weigh up large numbers of cues in an en-
ergy judgement. For example, one participant in Study 3 had previously taught
his high school class how to model the economic and energy savings of installing
double-glazing. During the interview he, more than other participants, got con-
fused by trying to weigh up multiple cues at once, perhaps because he believed
it was the appropriate way to estimate energy savings, but he struggled to do so.
Figure 8.1 shows how this scale from making a judgement with just one cue to
making a judgement with all relevant cues through increasing numbers of cues
increases the complexity of the judgement. It is assumed in the diagram that only
trained experts with software support can make the fully “rational” judgement
incorporating and weighing up all the relevant cues. Most people struggle to
use more than a small number of cues, or even more than one cue in an energy
judgement (see Studies 1 and 3 of this thesis; van den Broek, 2016, Chapter 7).
Judgement
based on
just one cue
Judgement
based on 
all relevant cues
Judgement complexity
Type 1
processing
Type 2
processing 
Judgements
based on
multiple cues
Figure 8.1: An evidence accumulation model of energy judgements.
According to Goldstein and Gigerenzer (2002), the first cue that people use
when making single-cue judgements is recognition, in which case householders
would normally perceive the most recognisable cue to be the most effective. Intu-
itively, based on the ordering of measures on Dimension 1 in each of the studies
in Chapter 7, this is a potential energy savings cue. Participants’ recognition or
familiarity of the measures in the studies was not controlled for in the design of
the studies. Future research would be required to explore whether recognition is
used as a cue in heuristic energy judgements.
Chapter 8. General Discussion 256
8.3.3 Two types of thinking in energy judgements
Figure 8.1 suggests that energy judgements are made using slower “Type 2”
thinking, with the possibility that single-cue judgements can be made using faster
“Type 1” thinking. Most of the time in everyday life, people have to constantly
make judgements so they use Type 1 processing which happens automatically
and in parallel (Evans, 2010, 2012) so that they do not have to expend much effort
on thinking about the judgement. If, for example, a person has a strong asso-
ciation between buying a new boiler and saving large amounts of energy, they
might be able to make that inference automatically and without much thought
using Type 1 processing. Sometimes judgements require more thought, however,
and Type 2 processing monitors the Type 1 processing so that it can deliberately
intervene with more reflective thinking when necessary (e.g. if the Type 1 activity
is likely to lead to an incorrect response; Evans, 2010, 2012). The use of Type 2
thinking might lead to more cues being included in the judgement or, conversely,
Type 2 thinking might be needed because it was somehow necessary for the per-
son to integrate more than one cue into the judgement. The more cues involved
in the judgement, the more working memory and other cognitive processing is
required, reducing the benefit of making a heuristic judgement which is meant to
save effort.
The number of cues used in heuristic energy judgements varied in Studies 1
and 3, an observation supported by van den Broek (2016)’s finding that partici-
pants reported using an average of three cues in a judgement but varied widely
in the exact number per judgement. The studies reported in this thesis were not
conducted under time constraints so it is not possible to say whether energy
judgements were (or could be) made using Type 1 processing. Future research
into the use of heuristic cues in energy judgements would need to consider using
controlled, timed conditions to establish whether certain cues are used in Type 1
rather than Type 2 thinking. However, it is possible that certain, easily accessi-
ble cues are used in Type 1 processing. For example, size is easily perceived and
cannot really be avoided (Kahneman & Frederick, 2002) so people might make
the association with energy consumption without reflecting on it. Similarly, the
amount of noise produced by the appliance could be quickly and automatically
associated with energy consumption, and this automatic nature of using the cue
might be why fewer people than expected mentioned using noise to infer energy
Chapter 8. General Discussion 257
consumption in Study 1. Cues such as the amount the appliance is used prob-
ably require Type 2 processing because the householder has to reflect on, and
recall, how often they use the appliance. Energy saving cues are more complex
than energy consumption cues so they are more likely to require reflection from
participants, especially if they also require energy consumption judgements to
be made before the energy savings judgement can be made. When more than
one cue is included in a judgement, especially if the cues lead to conflicting infer-
ences, Type 2 processing would have to be engaged to resolve the conflict. When
a judgement can be made based on a single cue or multiple corresponding cues,
however, it is likely that Type 1 processing can cope with it without intervention
from Type 2 processes.
8.3.4 Conscious and unconscious use of cues in heuristic energy
judgements
Type 1 thinking is often described as automatic and unconscious while Type 2
thinking is described as deliberate and conscious. While researchers dispute
these definitions (Evans, 2014), the question of whether heuristic cues are used
consciously or unconsciously is worth considering. If heuristic cues are used
consciously, it might be possible for householders to learn to use different ones
(e.g. to associate infrequent, rather than frequent, measures with saving more
energy). Kahneman and Frederick (2002) gave several examples in which people
appeared to be using heuristic cues intuitively and without deliberation but also
described how heuristic cues can be used deliberately and reflectively as rules
that aid judgements when the person has no other way to know how to respond,
which is probably a good description of making energy judgements. Gigerenzer
and Gaissmaier (2011) and Evans (2010) similarly stated that heuristics can be
used either unconsciously or consciously.
Van den Broek (2016), in her focus groups, recorded both participant-reported
cues and cues observed by the researcher during the interactive card-sorting tasks.
This produced different lists of cues and participants were shown not to always
be aware of using all the cues that the researcher observed. This suggests that
some cues might be used without conscious awareness, possibly using autonomous
Type 1 thinking. In Studies 1 and 3 in this thesis, cues were reported if partici-
pants mentioned them as reasons for their responses when asked to make energy
judgements. Participants were aware of all the cues they used that were recorded
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but it is possible that they were using other cues that were not mentioned or
recorded. For example, when comparing the relative effectiveness of two energy-
saving measures using multiple cues, participants often based their judgements
on the relative energy consumption of the appliances on which the measures were
implemented. However, it was not clear what cues they were using to infer the
energy consumption—it is possible that they were not aware either. Experimen-
tal investigations with time-constraints on tasks could establish whether people
use certain cues without awareness.
8.4 Mixed methods in energy perceptions research
The mixed methods approach taken in the research in this thesis was essential to
the range of findings and insights obtained. The research in the two main parts
of this thesis, energy consumption perceptions and energy savings perceptions,
followed a similar pattern: first a qualitative study was conducted using semi-
structured, face-to-face interviews, then a set of quantitative studies were con-
ducted to quantify some of the heuristic cues identified in the qualitative study.
This mixed methods approach enabled findings to be triangulated (R. B. Johnson
et al., 2007) to see if similar findings were obtained by different methods. It also
enabled the research to explore different aspects of the research questions using
different techniques.
Quantitative research is often taken as objective and factual while qualitative
research is seen as subjective and has to prove its rigour but both qualitative and
quantitative research are hugely dependent on subjective decisions made by the
researcher. In quantitative research in this thesis, Study 2B showed that the choice
of analysis method could influence the result; Studies 4A, 4B, and 4C showed that
analysis can be subjective whilst still quantifying data. Other subjective choices in
quantitative research include which research question and hypotheses are tested,
which implementation of statistical tests are chosen, whether binary null hypoth-
esis testing is used or new statistics of confidence intervals, how the findings are
written up, how the results are interpreted and emphasised or de-emphasised,
how participants are recruited, and so on. Qualitative research is also, of course,
dependent on the choices made by researchers, and not always in the obvious
places. For example, although transcription is often assumed to be a clean trans-
fer of spoken word to written word with no room for interpretation until after
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the written version has been produced, the process of transcribing is actually full
of subjective decisions for the researcher: whether the researcher transcribes it
herself; what the transcriber does with indistinct speech; the level of detail the
transcriber records; the formatting of the transcript. And, again, the choice of
method of recruitment, data collection, and analysis are also important in quali-
tative research. The process of analysing the data from the two qualitative studies
is reflected on further in Section 8.5.1.
8.4.1 Qualitative methods in energy perceptions research
Qualitative methods enabled the identification of many more potential heuris-
tic cues than in previous energy perceptions research1. Previous research at the
time (Baird & Brier, 1981; Schuitema & Steg, 2005) had been quantitative with
the researchers defining up-front the potential cues that could be identified in
the studies. Study 1 in this thesis was designed as a qualitative study with de-
liberately open-ended and non-leading questions in order to access participants’
perceptions without interfering with them as much as possible (Morgan et al.,
2001). A larger number and variety of potential heuristic cues were identified in
this way, including some cues that had not previously been identified.
One novel cue in particular, the amount of heat produced by appliances, was
identified both in Study 1 and, independently, by van den Broek (2016) in her
qualitative study. The heat cue became an important focus for the rest of the
studies in both this thesis and in van den Broek (2016)’s research, and yet might
not have been identified at all without taking an exploratory, open-ended qual-
itative approach. The size cue had been the most researched so far, suggesting
it was very influential in judgements but quantifying the qualitative findings in
Study 2A showed that the heat cue is potentially more influential (see also van
den Broek, 2016). No previous research had investigated energy savings cues,
so the qualitative approach enabled identification of a wider range of cues than
expected or than could have been defined by the researcher if only quantitative
studies had been conducted.
As well as identifying heuristic cues, the qualitative method provided unex-
pected insight into how people make judgements about energy consumption and
1The qualitative Study 1 in this thesis (see Chapter 3) was conducted at the same time but
independently and without awareness of the focus groups study in which similar findings were
reported by van den Broek (2016, Chapter 6).
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energy savings. In Studies 1 and 3, it became clear during the analysis that how
people used the cues was as important as what cues they used. By taking a more
data-led approach to the analysis, it was possible to identify how participants
made judgements that involved multiple cues, especially when the cues led to
conflicting inferences that the participant had to resolve. For example, in Study
1, it was possible to identify how participants made a judgement with two cues
that led to corresponding inferences about energy consumption (e.g. large size
and heating up water led to an inference of high energy consumption), and two
cues that led to contradictory inferences (e.g. the short usage duration versus the
high energy intensity of boiling a kettle). The qualitative approach also provided
insight into the greater complexity of both energy saving judgements and the use
of heuristics in energy saving judgements. For example, when comparing mea-
sures that were implemented on different appliances, participants differentiated
energy savings based on the energy consumption of the measure, which involved
another level of processing to infer the appliance energy consumption as well.
8.4.2 Quantitative methods in energy perceptions research
Studies 2 and 4 in this thesis explored the use of some quantitative, non-parametric
methods to provide a greater understanding of the methods available to energy
perceptions researchers.
8.4.2.1 Correlating estimates to test for feature substitution
Study 2A tested for the use of heuristic energy consumption cues by asking sep-
arate groups of participants to estimate the size, heat, and usage of a list of 30
household appliances then correlating the estimates with another group’s esti-
mates of the energy consumption of the appliances. This between-participants
approach is known as the heuristic elicitation design in the heuristic literature (Kah-
neman & Frederick, 2002). The study design is intended to assess whether par-
ticipants estimates of an easy-to-access feature correlates strongly with the hard-
to-access feature. The underlying assumption is that, if there is a strong correla-
tion, it indicates that participants who were asked about the hard-to-access fea-
ture (e.g. energy consumption) were actually substituting it with estimates of the
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easy-to-access feature (e.g. size). On this basis, the strong correlations found be-
tween size and energy consumption estimates and between heat and energy con-
sumption estimates in Study 2A were interpreted as indicating that people might
use size and heat as cues to infer energy consumption through the heuristic pro-
cess of feature substitution. Kahneman and Frederick (2002) and Kahneman and
Tversky (1996) argued that although this between-participants approach does not
provide statistical evidence that participants perceive an association (Nickerson,
1995) between, for example, size and energy consumption, it enables a “clean”
test of feature substitution. Taking a within-participants approach (e.g. asking
the same group of participants to estimate both size and energy consumption)
risks the obvious potential for priming the second set of estimates with the first
or that participants will guess the hypothesis being tested and modify their be-
haviour (Greenwald, 1976; Kahneman & Frederick, 2002; Kahneman & Tversky,
1996; Keren, 1993).
In Study 2B, the impact of using a between- versus within-participants study
design when testing for heuristic cues was investigated. There was no difference
in the findings from the between-participants dataset and the within-participants
dataset when they were analysed using the same methods of correlation. This
suggests that the study design might not matter after all. However, it might
just be that the testing was conducted on estimates of size, which would always
primed because size is an involuntary everyday perception (Kahneman & Fred-
erick, 2002). What did make a difference in Study 2B was the method of cor-
relation used to analyse the data. A within-participants dataset was analysed
using three different methods of correlation and the coefficients were found to
differ (sometimes significantly) according to how sensitive the method of corre-
lation is to individual variation in participants’ responses. When estimates were
correlated using the per-participant method in Design 4 of the study (Monin &
Oppenheimer, 2005), the coefficient was smaller than when correlated using the
aggregated method in Design 2. According to Monin and Oppenheimer (2005),
large variation between participants’ individual responses can inflate coefficients
when their responses are aggregated. Based on these findings it was concluded
that it is important to select appropriate methods of analysis and clearly report
the method used so that researchers in future can compare findings across studies
in an informed way.
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8.4.2.2 Exploring multidimensional perceptions of energy with dual scaling
analysis
The set of three studies reported in Chapter 7 (Studies 4A–4C) explored the use
of heuristic cues in energy savings judgements. The studies were designed to re-
quest more naturalistic judgements from participants than when using the heuris-
tic elicitation design in Study 2A. People tend to make relative judgements in
real-life (Stewart et al., 2006) and making comparisons between pairs of items
is more natural to participants than estimating or ranking long lists of items. A
paired comparisons study was designed in which participants simply judged the
effectiveness of each energy-saving measure against every other energy-saving
measure in a set of 12 measures. An advantage of using a paired comparisons
design over the heuristic elicitation design is that multiple cues could be system-
atically made available to participants in each judgement and the cues they used
could be inferred from the measures they chose. The paired comparisons data
were analysed using dual scaling Nishisato (2004, 2007), a method not previously
used in heuristic energy perceptions research. The dual scaling analysis produced
multidimensional plots of the measures that could be interpreted in terms of the
heuristic cues used by the participants when judging the relative effectiveness of
the measures.
8.4.2.3 Measuring aggregated effects versus individual differences
The focus of the research in this thesis was on how people in general make heuris-
tic energy judgements and what cues they use. While variation between partic-
ipants’ perceptions in the studies was acknowledged in Study 2B, investigating
the variation between participants was beyond the scope of this thesis. In the
qualitative studies, Studies 1 and 3, cues were reported if at least three out of the
ten participants mentioned them. Three participants were required to mention a
cue to show that the use of a given cue was not a quirk of an individual person
but could potentially be used by anyone. The use of the between-participants
heuristic elicitation design in Study 2A reflected this focus on identifying cues
across participants. By correlating aggregated estimates of the energy consump-
tion and size of the appliances across participants, it was possible to test whether
the potential cue is likely to be used by most people (Kahneman & Frederick,
2002; Kahneman & Tversky, 1996). The findings of Study 2B showed that corre-
lating the aggregated estimates had obscured the variation between individual
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participants’ perceptions. When correlations were run at the level of individual
participants, the average coefficient was much lower, showing that the associa-
tion between size and energy consumption was not perceived by all participants.
It was, however, perceived by a large enough proportion of the participants that
the overall coefficient was still moderately high even when the correlations were
run on individual participants’ estimates instead of on aggregated estimates. It
could still be concluded that people in general associate the size of an appliance
with its energy consumption, supporting the previous findings in Study 1 and in
the literature (Baird & Brier, 1981; Chisik, 2011; Schuitema & Steg, 2005) that size
can be used as a heuristic cue to infer energy consumption.
In Study 2A, the aggregated analysis (correlating average estimates across
participants) retained the differences in estimates between appliances but aver-
aged any differences between the people producing the estimates. From this, con-
clusions could be drawn about the statistical associations between participants’
average estimates but not about the variation between participants. In Study
2B (Design 4), the per-participant correlations enabled conclusions to be drawn
about variations between participants. In Study 4, using dual scaling meant that
the relative distances between both the measures and the participants were part
of the analysis. This made it possible to visually plot the relative locations of both
measures and participants for interpretation. Interpreting Dimension 1 in the
plots enabled conclusions to be drawn about the overall perceptions averaged
across participants (e.g. participants overall perceived heat-reducing measures
as the most effective). In each of Studies 4A–4C, however, there was variation
on Dimensions 2 and 3 so it was possible to identify differences in perceptions of
the measures between participants as well. The additional insight gained from
exploring individual differences as well as aggregated effects, has been observed
in both energy feedback research (Murtagh et al., 2014) and in the broader judge-
ment and decision-making literature (Stanovich & West, 2000). It is important to
consider the perceptions of individuals when it comes to appropriately targeting
interventions to ensure that the intervention is tailored to how they understand
energy (Murtagh et al., 2014; Revell & Stanton, 2017).
Exploring the underlying individual differences in participants’ responses was
beyond the scope of the research in this thesis but would be useful in future re-
search for providing additional insight into how householders make judgements
about energy consumption and energy savings. In both Study 2B and Studies
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4A–4C, participants’ use of the heuristic cues varied greatly. In Study 2B, this was
shown in the variation of the per-participant correlations of energy consumption
and size estimates. In Studies 4A–4C, it was shown in the variation of the mea-
sures and participants’ positions on Dimensions 2 and 3 in each study. If partic-
ipants had all had the same perceptions about the energy-saving measures, the
measures and participants would have been tightly located along Dimension 1 in
each study but they were not. In the plots of Studies 4A–4C, participants were lo-
cated approximately closest to the measures that they perceived to be the most ef-
fective, second-closest to the measures they perceived to be second most effective,
and so on (Nishisato, 2004). This variation between participants in the cues they
select and how they use them in their use of heuristic cues in both studies sug-
gests that future research should explore how individuals vary in the cues they
select and how they use them in heuristic energy judgements. Energy percep-
tions research into individual differences has focused mainly on how underlying
individual differences are related to accuracy of perceptions or how they perceive
energy consumption (e.g. Attari et al., 2010; Schuitema & Steg, 2005). Schley and
DeKay (2015) found that less numerate people had a greater tendency to use the
cognitive accessibility heuristic cue in judgements of energy consumption. Apart
from Schley and DeKay (2015), little research so far has investigated whether peo-
ple’s selection or use of heuristic cues in energy judgements is related to stable,
underlying individual differences. The Cognitive Reflection Test (Frederick, 2005;
Thomson & Oppenheimer, 2016) with a theoretical focus on predicting people’s
use of intuitive versus reflective thinking would be relevant. According to the
evidence accumulation model shown in Figure 8.1, people using more reflective
thinking might try to use more cues in their judgements. It is also possible that
people might select different cues depending on whether they are using intuitive
or reflective thinking.
8.4.2.4 Inferring causality
A limitation of all of the quantitative methods used in this thesis is that they are
correlational and cannot statistically determine whether there is a direct causal re-
lationship between the variables. It is not statistically possible using these meth-
ods to establish whether people actually use the easy feature as a cue to infer the
difficult feature. A causal relationship is tentatively assumed of the findings in
Studies 2A and 2B based on the reasoning that it is plausible that people infer the
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more difficult estimate from the easier one, and estimating energy consumption
is arguably more difficult than estimating size. The qualitative findings in Study
1 support that interpretation. In Studies 4A–4C, participants’ use of the heuristic
cues under exploration is inferred indirectly through their relative judgements of
the energy-saving measures. Again, the qualitative findings in Study 3 support
that interpretation. Future experimental studies would need to be conducted to
establish a causal relationship and direction of causality. For example, in a study
like van den Broek (2016, Chapter 8), participants could be told about an energy
savings cue (e.g. heat reduction) and their perceptions of energy savings before
and after the intervention could be compared with a control group that does not
receive the intervention. This would indicate whether perceptions are changed
as a consequence of knowing about the cue.
8.4.2.5 Assessing the accuracy of energy perceptions
Assessing the accuracy of participants’ perceptions of household energy, espe-
cially appliance-level energy consumption, is difficult in energy perception re-
search. There is also the question of what does accuracy mean in energy judge-
ments? Householders’ perceptions really just need to be sufficiently relevant that
they lead to effective energy savings rather than necessarily being accurate when
assessed, if they even can be reliably assessed. Arguably, the criterion for suc-
cess is that actual energy savings are made. Just one of the studies reviewed
by Lesic et al. (2018) reported actual measurement of the householders’ energy
consumption (Chen, Delmas, Kaiser, & Locke, 2015) as opposed to estimates
from existing statistics or product data, self-report, or estimates based on mea-
sures of whole-house consumption. Self-reported energy consumption can be
valid (Gatersleben et al., 2002) but also labour-intensive if multiple appliances
are to be reported and can be subject to memory failures when reporting (Lesic
et al., 2018) or a lack of awareness in the person reporting of usage by other occu-
pants. Estimating appliance-level energy consumption from national statistics is
problematic because energy consumption varies so much between even identical
households because of variation in behaviour (Andersen, 2012; Chen et al., 2015).
Another difficulty (experienced when designing Study 2B—see Chapter 5—and
creating a dataset of the estimated actual energy consumption of appliances) is
that there are few complete datasets that contain information about all of the
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common household appliances. In Study 2B, the “accuracy” of participants’ per-
ceptions was assessed. The accuracy data set was compiled from national statis-
tics data (DECC, 2015) and an online shopping website catalogue but, even then,
energy consumption data for only a partial set of the appliances was available.
An alternative study design might be to ask participants to report their meter
readings at the start and end of a week or month and to fill in a questionnaire
about appliance ownership and usage, as described by (Gatersleben et al., 2002).
While not perfect, the data would then be at least relevant to the individual par-
ticipants’ household, though the study would be subject to higher drop-out rates
from participants. Measuring the actual energy consumption of individual appli-
ances in the households would be the optimal approach, especially in longer-term
research programs, but impossible in the context of short remote online studies
such as those conducted for the research in this thesis.
8.4.3 Recruitment and data collection
A range of approaches was taken in recruiting participants to the studies reported
in this thesis. The qualitative studies were recruited by delivering leaflets and
knocking on doors of houses in a village, while the quantitative studies were
conducted online and recruited through social media and online recruitment ser-
vices. This ensured that participants were recruited from a variety of participant
pools, each with its own advantages and disadvantages. Table 8.4 summarises
the recruitment methods and study formats used in the studies reported in this
thesis. In each of the studies it was important to restrict recruitment to people
who lived, or had previously lived, in the UK because experience of common
household appliances, energy-saving campaigns, government policies, and so-
cial norms vary between countries. This was not only to control for consistency
of responses but also to ensure that participants understood the questions being
asked of them in the studies. It was also important to avoid recruiting only un-
dergraduate students because they are not representative of all householders’ ex-
perience of managing household energy and purchasing replacement appliances.
An important influence on how participants were recruited and how data were
collected was that the researcher was doing paid work on three days of the week
and lived remotely from the university campus so it was not possible to schedule
face-to-face sessions with participants during those days or using campus facili-
ties. Participants in the qualitative studies were recruited from a village local to
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the researcher and the interviews took place in their homes.
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Table 8.4: Summary of recruitment methods used for the studies in this thesis.
Study Source of Participants Study Format Cost Financial Incentive
1 Door-to-door Face-to-face interview Leaflet printing None
2 Social mediaa(75%) &
university study recruitment
service (25%)
Online study (Qualtrics.com)b None None
3 Door-to-door Face-to-face interview Leaflet printing None
4 Online study recruitment
service (Prolific.ac)c
Online study (Gorilla.sc)d Per-participant
licences for
Gorilla & Prolific
£5+ per
hour (pro
rated)
a Twitter and Facebook.
b https://www.qualtrics.com/
c https://www.prolific.ac/
d https://gorilla.sc/
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The participants in the qualitative studies were recruited face-to-face while
in the quantitative studies they were recruited online. The participants in the
qualitative studies were mixed in terms of ages (from 20s to 70s or 80s) and sex
but all ethnically white and mostly professional or skilled workers, and most
owned their own homes in the South-East (a relatively wealthy part) of the UK.
The participants in the quantitative studies were recruited through social media,
a university research recruitment service, and a commercial research recruitment
service. Social media was quick, easy, and free, and provided a wide range of
ages. However, it could only be used once and was over-represented by white,
male, highly educated professionals with an interest in technology and, to some
extent, energy monitoring. The university recruitment system was more repre-
sentative of undergraduate Psychology students at the university (mainly female
and around 20 years old). The commercial recruitment service, Prolific, publishes
the main demographics of its participant pool2 and they actively prevent peo-
ple participating too much and repeating similar studies. Prolific was very ef-
fective and would be appropriate to use again in future studies. It is important
though that research relating to UK householders’ perceptions is representative
of the whole population so future quantitative research should also attempt to re-
cruit participants from populations who might not be computer literate, as well
as from more diverse ethnic groups and economic backgrounds. The range of re-
cruitment methods used across the the studies reported in this thesis ensured that
a diverse set of UK householders contributed to this exploration of how people
make heuristic energy judgements.
8.5 Reflections on skills learnt whilst conducting the
research in this thesis
Many of the skills I needed to learn throughout the PhD process are described,
or are evident, in the research reported in this thesis but further discussion is
appropriate for some of them here.
2See https://www.prolific.ac/demographics
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8.5.1 Analysing the qualitative research
The process of designing, conducting, transcribing, analysing, and writing up
the two qualitative studies spanned six years as I learnt more about qualitative
research and about my research questions. Part of taking the realist perspective
is in being aware of what is happening in the research whilst conducting it and
iteratively adjusting the plans as necessary (Maxwell, 2012). This was most true
in analysing and writing up Study 3, the qualitative study about householders’
energy savings perceptions. The study was initially designed to provide an al-
ternative framing of the same concepts as Study 1. Throughout four analyses of
the Study 3 data, I gained a clearer understanding of both the requirements of the
“rational” approach to estimating energy savings and the contrasting approach
of participants in making heuristic judgements of energy savings. Conducting
three analyses of the Study 1 data over a similar time period also developed my
thinking about heuristic energy judgements are made and the importance of un-
derstanding that as well as just identifying the cues that are potentially used. This
iterative approach to the qualitative analysis helped inform the design of the re-
spective quantitative studies. It also meant, however, that I recognised some in-
teresting research questions about how people use cues and, specifically, how
they cope with conflicting inferences from cues, too late to be addressed within
the scope of this thesis.
Avoiding holding a strictly quantitative mindset was difficult early on when
conducting the interviews. The interviews for both studies were scheduled over
about three months. During that time, I conducted the interviews but did not start
to transcribe or analyse the data until almost all the interviews were completed.
With a quantitative mindset, this was in an unnecessary attempt to avoid influ-
encing later interviews with findings from earlier interviews. With a qualitative
mindset, the experience of conducting the early interviews will always influence
how later interviews are conducted because it is a learning process. It would have
been useful to have transcribed and done some basic analysis of the first few in-
terviews before continuing collecting data. This might have highlighted where I
needed to probe for more detailed answers. On the other hand, the clarity of my
understanding of the research question (to understand how people make judge-
ments rather that just whether they can make judgements) developed throughout
the analysis process so a brief early analysis might not have helped much. It is
certainly unlikely to have helped understand the complexity of energy savings
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judgements because that took a lot longer to understand through the process of
actively analysing and re-analysing the data. While I would conduct the inter-
views differently now, knowing what I have learnt in the past six years, I needed
to have that experience to gain that hindsight. I would now not do the original in-
terviews much differently; I would instead conduct follow-up interviews to learn
more detail about aspects of energy perceptions that arose in the main interviews.
Separating my energy savings perceptions, as the researcher, from partici-
pants’ energy savings perceptions was difficult when analysing the data and writ-
ing up the findings. Identifying energy consumption cues in Study 1 was rela-
tively straightforward, partly because there was existing research in the literature
to guide identification and partly because the concept of energy consumption is
fairly straightforward. Identifying energy savings cues in Study 3 was more dif-
ficult. During the first attempt at analysing the Study 3 data, I was still expecting
perceptions of energy savings to be similar to perceptions of energy consumption,
just framed differently in some way. My initial analysis of Study 3 was unsatis-
factory without it being clear why. Returning to both datasets six months later,
the set of energy consumption cues was clearly identified but, while a set of en-
ergy savings cues were presented, they were awkwardly explained and defined.
I was starting to understand that there were fundamental differences between
the processes of estimating energy consumption and estimating energy savings
and, moreover, that participants’ perceptions of the two processes were different.
The third, and most complete yet, analysis of the Study 3 data was completed a
year later but, while it contained much of the information eventually discussed
in Chapter 6, much of what was presented as householders’ perceptions were
actually my own perceptions of the process of estimating energy savings which
had developed whilst reading the interview transcripts. For example, the energy-
saving measures mentioned by participants could be categorised into “use less”,
“use differently”, and “replace” but that was my interpretation of the types of
measures based on participants’ inferences about energy savings, not the cues
used by the participants themselves.
Before starting the final analysis of Study 3 and writing Chapter 6, I con-
structed a clear definition of an energy consumption cue whilst constructing the
theoretical model in Chapter 2. The combination of the theoretical model, having
completed the quantitative Studies 2 and 4, and having completed the analysis of
Study 1 helped to clarify the research questions and scope of Study 3.
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8.5.2 Writing scripts to run repeatable analyses in SPSS Syntax,
Python, and R
In Studies 2A and 2B, a large amount of data reshaping and repeated operations
on multiple similar datasets was required. This required a lot of documentation
of the steps to take each time an analysis was run (or re-run) with a lot of poten-
tial for human error. Writing IBM SPSS Syntax scripts to run the analyses had the
advantage of being quicker to run and was almost self-documenting. I learnt to
write the operations as scripts in SPSS Syntax so that the analysis of each variable
and each type of correlation could be run from a single script. There was, how-
ever, a lot of duplication between the scripts that meant that any update had to
be copied exactly to all the different Syntax scripts. I learnt to write basic Python
which integrates with IBM SPSS Statistics and I re-factored all the scripts so that
operations that were used in multiple scripts could be placed in a single script
and could be automatically run for each dataset. It took significant time to learn
but, ultimately, it made the analyses easier to run and to repeat with less chance
of errors.
The analyses of Studies 4A, 4B, and 4C were also scripted, though this time
in R and Python3 instead of SPSS and Python. The original software for running
dual scaling analyses, DUAL3 (MicroStats, 2000), would run only on very old
versions of Windows and I discovered that the source code for the even older
Fortran version was corrupted and could not be recompiled on newer systems. Its
author, Shizuiko Nishisato (Nishi) at University of Toronto, who I had contacted
through ResearchGate4, suggested I contact Michel van de Velden at Erasmus
University of Rotterdam as he had done his PhD in this area of statistics. Michel
suggested learning R to run the dual scaling analysis and sent me a basic script. I
spent the Christmas holidays learning how to use R and found it more useful and
fun than SPSS Syntax. The internet and kind support of strangers were invaluable
in completing these studies.
8.5.3 Summary of my reflections
Conducting the research in this thesis whilst working part-time in an almost en-
tirely separate, non-research, career in industry has taken 8 years. In that time I
3Though someone else wrote the Python script for preparing the data to be imported in R for
me.
4https://www.researchgate.net/
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have learnt a wide range of research and technical skills as well as gaining per-
sonal confidence. Many of these have already been useful in my day-job.
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Chapter 9
Conclusion
People are given increasing amounts of information about their household en-
ergy consumption under the assumption that it will help them learn how to save
energy. But energy judgements are complex and people use heuristics to sim-
plify the process and ignore much of the relevant information in attempts to save
effort and make the judgement possible even to attempt. They use the heuristic
process of feature substitution (Kahneman & Frederick, 2002) to infer energy con-
sumption and savings from easier-to-access features of appliances and measures.
For example, inferring high energy consumption from appliances that produce
heat, and high energy savings from measures that reduce heat production. The
judgement is based on just one piece of information, or cue.
In Part I of this thesis, a systematic literature review of the small amount of
existing heuristic energy perceptions research showed a common assumption by
researchers that heuristic feature substitution underlies energy judgements, but
there were gaps in how the theory explains energy judgements. A novel theo-
retical model of how people use feature substitution in energy judgements was
constructed by drawing on established cognitive theories of categorisation (e.g.
Barsalou, 1983, 2010; Rosch, 1978) and heuristics (Gigerenzer & Gaissmaier, 2011;
Kahneman & Frederick, 2002; Newell, 2005; Payne et al., 1993). Mixed methods
were used to explore how people make energy consumption judgements. The
studies identified several heuristic cues that participants used to infer the energy
consumption of appliances, some already reported in the literature (e.g. Baird &
Brier, 1981; Chisik, 2011; Schuitema & Steg, 2005; van den Broek, 2016) and some
novel, including the size and heat production of the appliance.
In Part II, mixed methods were used to explore how people make energy sav-
ings judgements. There is almost no previous research in the literature about how
people might use heuristics to help make energy savings judgements. Yet energy
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savings judgements are arguably more complex than energy consumption judge-
ments so it makes sense that householders would try to simplify them too. The
studies identified a variety of heuristic cues that participants used to infer the
relative effectiveness of energy-saving measures, including heat reduction, appli-
ance consumption, usage reduction, and measure frequency. Some of the energy
savings cues identified were similar to some of the energy consumption cues. For
example, size, heat production, usage were all used to infer energy consumption,
and size reduction, heat reduction, and usage reduction were all used to infer en-
ergy savings. The perceived energy consumption of the appliance on which the
measure is implemented was also used as a cue in its own right to infer energy
savings, indicating the additional complexity of making energy savings judge-
ments.
In both heuristic energy consumption and heuristic energy savings judge-
ments, people try to use as few cues as possible to keep the judgements simple.
The exploratory research in this thesis showed that the heuristic model of fea-
ture substitution–constructed in Part I of this thesis to describe the cognitive pro-
cesses underlying energy consumption judgements–also describes energy sav-
ings judgements. It is proposed that the number of cues used in heuristic energy
judgements depends on the particular judgement, the context, and the person
(Lee & Cummins, 2004; Newell, 2005; Payne et al., 1993). In the simplest energy
judgements, just a single cue is used to differentiate between the consumption
of two appliances or the effectiveness of two measures. But if, for any reasons,
more cues must be considered and the inferences from the cues are contradictory,
the judgement can become more complex and potentially confusing because the
person must resolve the contradictions by weighing up the relative importance
of each cue before completing the judgement. The exploratory findings in this
thesis support this proposal.
The mixed methods approach taken in the research in this thesis was valuable
in exploring novel aspects of energy judgements. The qualitative studies enabled
the identification of novel heuristic cues, but also exploration of how people use
the cues to make heuristic energy judgements. For each quantitative study, the
methods were explored and developed. The heuristic elicitation design, which
was used to test for the use of energy consumption heuristic cues, was compared
with other correlational methods and study designs. The difference in coefficients
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from different methods underlined the importance of selecting appropriate meth-
ods for the research question and clear reporting of which method was used by
researchers. The paired comparisons study, which was used to quantify and ex-
plore the use of heuristic energy savings cues, enabled a novel multidimensional
analysis of heuristic energy savings cues and how they are used. The dual scal-
ing method of analysis (Nishisato, 2004) had not previously been used in energy
perceptions research. The research in this thesis focused on identifying general
heuristic cues that people typically might use in energy judgements. The quan-
titative methods revealed potential variation between participants in their use
of cues in both energy consumption and energy savings judgements, suggest-
ing that future research should explore how aspects of individual differences can
contribute to people’s use of heuristic cues in energy judgements.
Householders intuitively try to simplify their energy judgements using heuris-
tics. Giving them more information is unlikely to help. Interventions to help peo-
ple save more energy need to be designed to work with, not against, the heuristic
cues they intuitively use.
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Appendix A
Study 1 (Chapter 3)
Study 1 is reported in Chapter 3. The following sections contain the recruitment
documents used in the study, and a list of the appliances that participants men-
tioned during the interviews.
A.1 Recruitment documents
The following pages show the front and back of the recruitment flyer delivered to
approximately 70 households; the information sheet given to householders who
had agreed to be interviewed when the researcher followed up the flyer deliveries
with face-to-face contact; the consent form signed by participants before starting
the interview; the debrief sheet given to participants at the end of the interview;
the interview schedule notes prepared in advance.
How do you use energy
in your daily life?
Like to share your thoughts
with a local researcher?
Find out more
overleaf...
What is the research about?
Who is doing this research?
My name is Laura Cowen. I've lived in
North Baddesley for 10 years and
I work locally in IT.
Even the experts don't understand how people think about 
their energy. So they don't know how best to help people 
understand how much energy they use.
What will happen in the interview?
We'll talk for between half-an-hour and an hour 
(depending on how much you want to tell me).
How do I take part?
I'll knock on your door in a few days. If you'd like to take 
part, we can schedule an interview for a time and place 
that's convenient to you.
I'm doing a PhD in Environmental 
Psychology at University of Surrey.
Email: l.cowen@surrey.ac.uk Tel: 0787 318 4265
Or you can contact me:
My supervisor is Dr Birgitta Gatersleben: b.gatersleben@surrey.ac.uk
Anything you tell me will remain anonymous and be used for research 
purposes only. If you sign up you can still change your mind at any time.
My research aims to understand how people think about 
using energy so that better help and information can be 
provided.
Using energy in your daily life
Like many people you've probably heard lots about using energy in your daily life. 
Unfortunately, the experts don't understand how people think about their energy use. So 
they don't know how best to help people understand how much energy they use. My 
research will try to understand this better so that more useful information can be provided.
I would like to invite you to take part in an interview to understand your views. My name is 
Laura Cowen and I'm a PhD student at University of Surrey. I live in North Baddesley and 
work locally in IT.
What will happen during the interview?
We will talk about using energy in your daily life. I just want your views; there is no right or 
wrong answer. It will take between half-an-hour and an hour and I would like to audio-
record it for the purposes of transcription. You can choose not to answer any question, and
to stop the interview or the recording at any time without giving a reason.
How do I take part?
Contact Laura by email (l.cowen@surrey.ac.uk) or phone (see below) to arrange an 
interview at a convenient time and place.
Will my taking part in the study be kept confidential?
Yes. All of the information you give will be anonymised so that those reading reports from 
the research will not know who has contributed to it. Data will be stored securely for 10 
years in line with University policy and in accordance with the Data Protection Act 1998. 
The audio-recording will be destroyed after being transcribed.
What happens when the research study stops?
The data will be used to inform the direction of future studies as part of Laura Cowen’s 
PhD project, and may be written up for publication. If you would like to receive a summary 
of the study findings, please contact Laura (l.cowen@surrey.ac.uk). 
Who should I contact if I have any questions?
Researcher: Laura Cowen (l.cowen@surrey.ac.uk, 0787 318 4265) 
Supervisor: Dr. Birgitta Gatersleben (b.gatersleben@surrey.ac.uk, 01483 68 9306) 
Thank you for reading this information sheet.
PARTICIPANT'S COPY
Consent form – Energy in daily life interviews
I confirm that I am voluntarily participating in a research study about energy in my daily life, 
conducted by Laura Cowen from the University of Surrey. I will take part in one interview, which 
will be recorded.
I understand that all data from this research will be held and processed in confidence, and in 
accordance with the Data Protection Act (1998). I understand that every care will be taken to 
ensure that I cannot be identified.
I understand that I am free to withdraw from the research at any time, including after the 
interview, and I may decline to answer any questions, without needing to justify my decision.
If I have any questions about the study, I can contact Laura or her supervisor, Dr Birgitta 
Gatersleben (details below).
Participant
Name (printed): ________________________________________________________
Signed: ________________________________________________________
Date: ________________________________________________________
Researcher
Name (printed): ________________________________________________________
Signed: ________________________________________________________
Date: ________________________________________________________
Laura Cowen | l.cowen@surrey.ac.uk (Dr Birgitta Gatersleben | b.gatersleben@surrey.ac.uk)
School of Psychology, University of Surrey, Guildford, Surrey GU2 7XH
Thank you for participating in my research.
Some questions answered: http://bit.ly/usefulenergylinks
If you have any other questions about my research, please contact me:
Laura Cowen
School of Psychology
University of Surrey
Guildford 
Surrey GU2 7XH
l.cowen@surrey.ac.uk
Thank you for participating in my research.
Some questions answered: http://bit.ly/usefulenergylinks
If you have any other questions about my research, please contact me:
Laura Cowen
School of Psychology
University of Surrey
Guildford 
Surrey GU2 7XH
l.cowen@surrey.ac.uk
Using energy in your everyday life
Background
• PhD researcher - University of Surrey.
• North Baddesley - work in IT.
• PhD project on how people use energy in their everyday lives.
• Lots of different ways of presenting information about the amount of energy you have 
used but the experts don't know what the best way is.
• My research will try to understand better how people make sense of using energy.
• We'll discuss how you use energy in your everyday life.
• There isn't a right or wrong answer. I'd just like to know what you think.
What will happen
• Several households.
• Look for common themes across what people say.
• Say as much as you like.
Consent
• If you want to withdraw from the research at any point, even after the interview, that's fine
– you're not under any obligation.
• And if you don’t want to answer any question, that's fine too.
• The interviews will be anonymous – I won’t use your name or details at any point, and I’ll 
change things around so that you can’t be identified from the research.
• The interview will be confidential – I'll only discuss it with my research colleagues at the 
university, and I'll only use it for research. 
Starting
• Questions?
• Okay to record? After the interview, the recording will be transcribed and then deleted.
• Sign form? - to confirm that I have let you know of your right to withdraw, and of 
confidentiality and anonymity.
[Complete consent form.]
I'm going to start the recording now.
[Start audio recorder. Hold it if nec.]
Background information
• How many people live in this house? Are there any children?
[check it's recording]
1
Understanding of the terms
• As I explained, I'm going to ask you about how you use energy in your daily life – and that's both
inside and outside your home.
• Before we start, could you briefly explain to me what you think of when you hear the phrase 
“using energy”?
[repeat back]
• Thanks – just wanted to check that we were talking about the same thing.
Listing things you do that use energy
[Give participant a stack of pieces of card.] 
• On each card, write down something that uses energy in your everyday life, inside and outside 
your home.
• Then put the card on the table and read out loud what you wrote on it.
• Number each card so that I can easily refer to it when I'm making notes.
• Create as many cards as can think of - no hurry.
When finished:
• If you think of anything else as we go, just add another card
What uses most and least?
• Which uses most?
• Which uses least?
[repeat back]
2
Grouping the cards
• Look at how much energy these things use.
• Take all cards, put in groups so that things that use similar amounts of energy are together.
• As many groups as you like.
• Think out loud for the recording.
[Which cards are you thinking about? Which groups could they go in?]
I'll take a photo of the cards and make a note of their groups to help me later.
• Can change mind still.
Talking through the groupings
[note down any factors as we go]
• Talk through - change or add at any time. - No right/wrong answer. Just say whatever you think.
For each group:
• Can you read out the cards in this group?
• Use similar amounts of energy. But different from these other groups?
• How did you decide that they were similar in how much energy they use?
• What is it about them, do you think, that means they use similar amounts of energy?
• Do any of the items have anything else in common, other than energy use?
• [after first group] What's different about this group compared with other(s)?
3
Estimating relative energy quantities
• More detail of how much energy things use.
• Rearrange cards in a single line as if on a scale – from least on the left to most on right.
• Think out loud as you arrange the cards.
• Again, no right/wrong answer – feel free to add more cards or change your mind
• Can change mind still.
Talking through the relative amounts of energy
[note down any factors as we go]
• This uses the most and this uses the next most etc? This uses least?
• Compare this card and this card, how many times more energy does this use compared with 
this?
• Why do you think that is?
◦ What differences are there between them that could cause x to use x times more energy?
Include approx 5 pairs of cards (more if there are more interesting pairs), picked according to...
◦ middle-ish vs most
◦ middle-ish vs least
◦ quarter-way vs three-quarters-way
◦ most vs least
◦ inc cross-fuel, if poss
◦ inc cross-domain (eg appliance vs transport), if poss
 
4
Anything else you do?
• Anything else occurred to you - done in the past year?
• What sort of central heating boiler do you have?
◦ Where in scale? How's it compare to next card/smallest card? How's it same/different?
• Do you own a car? Where would it go? etc
• Flown on holiday? Where would it go? etc
Biggest factor(s) in how much energy something uses?
• You've mentioned a few reasons why each of these items uses a little or a lot of energy.
• What do you think are the biggest factors in how much energy something uses? Any others? 
Which makes most difference?
What information would you need?
• If someone could tell you how much energy is used by just one of these items, which would be 
most useful for you to know? Why?
• Do you have an energy monitor (from utility or bought by self)?
5
Finishing
• That's all my questions. Anything you'd like to add?
• Husband/wife/partner/housemate interested?
Debriefing
• Interested specifically in understanding how people estimate how much energy they use.
• Make sure then that people are getting advice that makes sense in terms of their existing 
knowledge. Or can correct misunderstandings.
• I'm not so interested at the moment what people are right or wrong about. More interested in their
reasoning about why they think what they think.
If ask whether they were right:
• No right/wrong answer. Can't say for sure about the appliances around the home because they 
do vary depending on the make/model and age.
• Can measure your specific household. See webpage for links to calculators and to monitors that 
can buy.
If ask why there is no right/wrong answer:
• The exact details can vary between people, households, makes and models. So I'd just like to 
know what you think from your knowledge and life.
Answers to obvious questions:
• Gas can be 3-4 times as much used as elec, even though more things tend to use elec.
• In UK, transport (mainly cars) and domestic each use more energy than industry (not a lot of 
industry now – import a lot).
• 30% used in home, of which majority is heating rooms and water. 
• Appliances have got more efficient since 1970s but we have many many more of them.
6
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A.2 Things that participants mentioned as using en-
ergy
Table A.1 shows all the appliances and other energy-consuming devices that par-
ticipants mentioned during their interviews. Some participants mentioned spe-
cific appliances while others talked about categories of appliances or their func-
tion. Wherever possible, they were encouraged to be more explicit about the
appliances they included in those categories or functions. Items are included in
the table only if the participant mentioned them spontaneously (e.g. PC01 did
not mention the boiler or space and water heating until asked about his central
heating boiler fuel towards the end of the interview so he is not listed in the table
as having mentioned boilers).
Table A.1: Things that use energy mentioned by participants in Study 1.
Appliance No. of participants Participants
oven/cooker/hoba 10 PC01, PC02, PC03, PC04, PC05,
PC06, PC07, PC08, PC09, PC10
lights 8 PC02, PC03, PC05, PC06, PC07,
PC08, PC09, PC10
TV 8 PC01, PC03, PC05, PC06, PC07,
PC08, PC09, PC10
car 8 PC01, PC02, PC03, PC06, PC07,
PC08, PC09, PC10
fridge 7 PC03, PC04, PC06, PC07, PC08,
PC09, PC10
washing machine 7 PC01, PC02, PC03, PC04, PC05,
PC07, PC10
central heating boilerb 6 PC04, PC05, PC06, PC07, PC08,
PC09, PC10
laptop 6 PC01, PC03, PC05, PC06, PC07,
PC09
kettle 6 PC01, PC02, PC05, PC06, PC08,
PC10
dishwasher 6 PC01, PC02, PC04, PC05, PC06,
PC07
computer/PC/desktop 5 PC03, PC04, PC05, PC08, PC09
microwave 5 PC01, PC03, PC05, PC06, PC08
freezer 4 PC04, PC07, PC09, PC10
hot water heaterb 4 PC04, PC06, PC07, PC08, PC09
tumble dryer 4 PC01, PC03, PC05, PC07
radio/CD player-radio 3 PC06, PC09, PC10
Continued on next page
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Table A.1 – Continued from previous page
Appliance No. of participants Participants
video games console 3 PC03, PC05, PC07
vacuum cleaner 3 PC01, PC05, PC10
mobile phone 3 PC01, PC03, PC05
electric shower 2 PC07, PC10
telephone 2 PC07, PC09
toaster 2 PC05, PC07
hair dryer 2 PC05, PC06
hair straighteners 2 PC05, PC06
lawnmower 2 PC05, PC06
extractor/circulation fan 2 PC04, PC05
standalone heater (elec/gas) 2 PC03, PC10
iron 2 PC02, PC10
fish tank 2 PC02, PC08
nebuliser (medical device) 1 PC10
gas bbq 1 PC08
smoke alarm 1 PC07
wifi access point 1 PC07
broadband router 1 PC07
air con 1 PC05
fax machine 1 PC05
printer 1 PC05
lawn strimmer 1 PC05
hedge cutter 1 PC05
electric hand dryer 1 PC05
food steamer 1 PC05
radiators 1 PC04
clock radio 1 PC04
camera 1 PC04
Handheld games console 1 PC04
MP3 player 1 PC03
gym machines 1 PC03
DVD player 1 PC03
Sky box 1 PC03
tablet/ereader 1 PC01
plane 1 PC01
heated swimming pool on
holiday
1 PC01
train 1 PC01
floodlights in sports stadium 1 PC01
a Some people explicitly mentioned the separate parts of a cooker (i.e. oven and hob) while
others just mentioned “cooker”.
b All participants except PC07 indicated whether they were talking about space heating (cen-
tral heating) or water heating; some talked about the boiler as an appliance while some talked
about the purpose of it. PC07 mentioned the boiler but seemed very conscious of her energy
consumption having previously been on pay-as-you-go meters and spent time with her chil-
dren identifying appliances that consume energy. It is assumed, for clarity in this table, that
she was considering both space and water heating.
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Studies 2A and 2B (Chapters 4 and 5)
Studies 2A and 2B are reported in Chapters 4 and 5. The following sections con-
tain the ethical approval records and tables of data for Study 2B.
B.1 Ethical approval record for Studies 2A and 2B
1	/	8
Self-Assessment	Form:	Ethics	(SAFE)
Response	ID Completion	date
160708-160702-11159301 11	Jan	2016,	10:58	(GMT)
1 Project	title Quantifying	energy	consumption:
Heuristic	elicitation	studies
2 Chief	Investigator: Laura	Cowen
2.a Email	address: l.cowen@surrey.ac.uk
3 Level	of	research PhD
3.b If	this	is	a	PhD	study
please	provide	the
name	of	your
supervisor/s
Dr	Birgitta	Gatersleben
4 Does	the	study
require	review	by	an
NHS	Research	Ethics
Committee?
No
2	/	8
5 Does	the	study
involve	the
inducement	of	MORE
than	minimal	stress
to	the	participant?
No
6 Does	the	study
involve	children
under	16	years	or
other	vulnerable
groups	such	as
those	16	and	over
who	may	feel	under
pressure	to	take
part	due	to	their
connection	with	the
researcher?
No
7 Does	the	study
involve	prisoners	or
young	offenders?
No
8 Does	the	study
involve	the	new
collection	or	donation
of	human	tissue,	as
defined	by	the
Human	Tissue	Act,
from	a	living	person
or	the	recently
deceased	according
to	the	Human	Tissue
Authority?
No
3	/	8
9 Does	the	study
involve	any	of	the
following	...
No
10 Are	you	planning	to
access	records	of
and/or	collect
personal	confidential
data,	concerning
identifiable	individuals
as	defined	by	the	UK
Data	Protection	Act
1998?
No
11 Are	you	linking	or
sharing	personal	data
or	confidential
information	beyond
the	initial	consent
given	(including
linked	data	gathered
outside	of	the	UK)?
No
12 Will	you	collect	or
access	audio/video
recordings,
photographs	or
quotations	within
which	participants
may	be	identifiable
and	with	the
intention	to
disseminate	those
beyond	the	research
team?
No
4	/	8
13 Does	the	study
require	participants
to	take	part	in	the
study	without	their
knowledge	and/or
consent	at	the	time?
No
14 Does	the	study
involve	deception
other	than
withholding
information	about
the	aims	of	the
research	until	the
debriefing?
No
15 Do	you	plan	to	offer
incentives	which	may
unduly	influence
participants’	decision
to	participate?
No
16 Does	the	study
involve	activities
where	the
safety/wellbeing	of
the	researcher	may
be	in	question?
No
5	/	8
17 Do	you	think	that
any	other	significant
ethical	concerns	may
arise,	or	does	your
external	funding
body	or	sponsor
require	ethical
review	to	be
undertaken?
No
18 Could	the
behavioural/physiological
intervention	possibly
lead	to	discovery	of	ill
health	or	concerns
about	wellbeing	in	a
participant	incidentally
even	if	the	intervention
in	itself	causes	no	more
than	minimal	stress	is
to	the	research
participant?
No
6	/	8
19 Are	you	investigating
existing	working	or
professional
practices	among
participants,
identifiable	to
yourself	as	the
researcher	at	your
own	place	of	work
(this	may	be	the
University	of	Surrey
or	another
organisation	where
you,	your	supervisor
or	co-investigator
work)?
No
20 Is	the	research
proposal	to	be
carried	out	by
persons
unconnected	with
the	University,	but
wishing	to	use	staff
and/or	students	as
participants?
No
21 I,	the	undersigned,
confirm	that	I	have
read	the	Ethical
Principles	and
Procedures	for
Teaching	and
Research	and	the
Code	on	Good
Research	Practice.	I
understand	that	the
project	may	be
I	agree
7	/	8
project	may	be
monitored	and
audited	by	the
University	of	Surrey
to	ensure	that	it	is
carried	out	in
accordance	with
good	practice,	legal
and	ethical
requirements	and
any	other	guidelines.
I	understand	that
the	protocol	and	any
associated
documents	such	as
information	sheets
and	consent	forms
should	have	version
numbers	and	dates.
If	I	make	any
significant	changes
to	my	protocol	I
understand	that	I
should	complete	the
self-assessment
again.	I	am	also
aware	that	any
knowingly	wrong
answer	to	any	of	the
questions	below	and
any	research
misconduct	reported
may	lead	to
disciplinary	measures
after	investigation.	In
case	of	dissertation
projects	or	theses,
the	provision	of
knowingly	incorrect
information	or
proven	research 8	/	8
proven	research
misconduct	may
affect	academic
progression.
21.a Name Laura	Cowen
21.b Date	self-
assessment	form	is
submitted
11/01/2016
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B.2 Data tables for Study 2B
Table B.1 presents the “actual” energy consumption (estimated from the UK national statistics) and sizes (estimated from
a retail website) of the household appliances estimated by participants. A consistent dataset could only be obtained for
16 of the 30 appliances included in Studies 2A and 2B.
Table B.1: Annual UK energy consumption and actual volume of appliances with participants’ median estimates of energy and size
in Study 2B.
Appliance Actual Actual B-P Estimates W-P Estimates
Energya Volumeb Energy Size Energy Size
an energy-saving lightbulb 2.45 0.07 15.00 5.00 6.00 5.00
an old-style filament lightbulb 5.21 0.05 40.00 6.00 35.00 5.00
a halogen lightbulb 5.83 0.03 34.00 5.00 14.00 3.00
a games console 12.88 5.48 35.00 20.00 29.00 17.00
a laptop 14.72 0.53 36.00 20.50 27.00 18.50
a microwave 27.30 9.52 37.50 35.00 33.00 30.00
a Virgin/Sky/Tivo box 32.52 0.66 27.00 17.50 23.00 12.00
a 30-inch LCD TV 33.44 26.62 44.00 41.00 35.00 42.50
a kettle 44.17 2.04 39.00 11.00 39.00 16.00
a fridge 45.40 63.85 50.00 67.00 47.00 62.50
an oven 46.01 48.03 57.00 67.50 71.00 53.50
a washing machine 54.60 62.44 60.00 69.50 51.00 60.00
a chest freezer 69.33 100.00 45.00 78.50 44.00 65.50
an upright freezer 69.63 48.74 57.00 68.50 51.50 74.00
a dishwasher 82.52 71.69 50.00 69.00 58.00 58.00
a tumble dryer 100.00 74.64 65.00 69.50 67.00 59.50
a bathroom extractor fan 0.02 23.00 13.50 17.50 10.00
a central heating boiler 22.31 64.00 58.50 75.00 52.00
Continued on next page
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Table B.1 – Continued from previous page
Appliance Actual Actual B-P Estimates W-P Estimates
Energya Volumeb Energy Size Energy Size
a DAB (digital) radio 0.68 16.00 14.00 14.00 11.50
a free-standing electric heater 27.72 68.50 30.00 61.50 30.00
a hairdryer 1.67 30.00 10.50 32.00 11.50
a lawnmower 32.86 41.00 44.00 29.50 46.50
a mobile phone 0.01 20.00 6.00 18.00 5.00
a smoke alarm 0.20 7.50 7.00 3.00 5.00
a tablet/iPad 0.06 19.00 11.50 21.00 9.50
a vacuum cleaner 28.58 32.00 36.50 37.00 31.00
a wifi/internet router 0.62 22.00 11.00 15.00 7.00
an electric blanket 3.86 35.00 22.50 33.50 20.00
an electric shower 0.92 49.50 29.00 56.00 24.50
an iron 1.33 32.00 13.00 26.50 13.50
Note. B-P = between-participants dataset; W-P = within-participants dataset.
a The actual energy consumption of each appliance was standardised so that the highest consuming appliance consumed
100 units of energy. The tonnes of oil equivalent were multiplied by 3067.484662577. The number of units is rounded to 2
decimal places for clarity in this table.
b The actual size of each appliance was standardised so that the largest appliance was 100 units in size. The cm3 volume
was multiplied by 0.000238039.
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Table B.2: Correlation coefficient for each within-participant participant’s estimate of per-
ceived size and perceived energy consumption in Study 2B.
Participant ID Correlation coefficient (rs)
1 .39
2 .66
3 .69
4 .61
5 .70
6 .46
7 .82
8 .84
9 .11
10 .68
11 .59
12 .50
13 .62
14 .56
15 .80
16 .85
17 .81
18 .11
19 .58
20 .60
21 .23
22 .65
23 .67
24 .41
25 .67
26 .88
27 .39
28 .65
29 .80
30 .70
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Table B.3: Correlations between each participant’s estimates and the
actual size and energy consumption of the appliances.
Estimated Estimated Size Estimated
and and and
Actual Size Actual Energy Actual Energy
Participant ID b-p w-p b-p w-p b-p w-p
1 .82 .94 .88 .88 .16 .50
2 .88 .91 .87 .86 -.15 .82
3 .81 .95 .84 .84 .74 .74
4 .91 .84 .81 .80 .59 .57
5 .88 .90 .89 .86 .00 .68
6 .45 .89 .61 .86 .58 .56
7 .88 .84 .87 .82 .15 .71
8 .79 .79 .86 .79 .80 .92
9 .88 .86 .91 .80 .59 .45
10 .80 .84 .86 .82 .78 .62
11 .87 .95 .87 .91 .70 .66
12 .79 .88 .83 .88 .20 .42
13 .95 .80 .84 .80 .68 .58
14 .89 .90 .89 .90 .25 .71
15 .89 .88 .76 .84 .65 .83
16 .25 .85 -.01 .84 .74 .74
17 .84 .89 .83 .88 .80 .81
18 .91 .90 .90 .81 .49 -.11
19 .82 .76 .86 .82 .62 .68
20 .86 .89 .88 .78 .39 .61
21 .76 .81 .82 .83 .34 .33
22 .74 .92 .74 .84 .43 .76
23 .94 .88 .83 .88 .45 .58
24 .78 .81 .80 .84 .65 .34
25 .90 .96 .85 .89 .79 .82
26 .88 .70 .83 .78 .27 .78
27 — .89 — .87 -.29 .53
28 — .88 — .85 — .59
29 — .91 — .94 — .90
30 — .89 — .86 — .84
Note. b-p = between-participants dataset; w-p = within-participants
dataset.
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Appendix C
Study 3 (Chapter 6)
Study 3 is reported in Chapter 6. The following sections contain the recruitment
documents used in the study, and a list of energy-saving measures that partici-
pants mentioned during the interviews.
C.1 Recruitment documents
The following pages show the front and back of the recruitment flyer delivered to
approximately 70 households; the information sheet given to householders who
had agreed to be interviewed when the researcher followed up the flyer deliveries
with face-to-face contact; the interview schedule notes prepared in advance. The
consent form and debriefing sheet were identical to those used in Chapter 3—see
Appendix A for examples.
How do you save energy
in your daily life?
Like to share your thoughts
with a local researcher?
Find out more
overleaf...
What is the research about?
Who is doing this research?
My name is Laura Cowen. I've lived in
North Baddesley for 10 years and
I work locally in IT.
Even the experts don't understand how people think about 
their energy. So they don't know how best to help people 
understand how much energy they can save.
What will happen in the interview?
We'll talk for between half-an-hour and an hour 
(depending on how much you want to tell me).
How do I take part?
I'll knock on your door in a few days. If you'd like to take 
part, we can schedule an interview for a time and place 
that's convenient to you.
I'm doing a PhD in Environmental 
Psychology at University of Surrey.
Email: l.cowen@surrey.ac.uk Tel: 0787 318 4265
Or you can contact me:
My supervisor is Dr Birgitta Gatersleben: b.gatersleben@surrey.ac.uk
Anything you tell me will remain anonymous and be used for research 
purposes only. If you sign up you can still change your mind at any time.
My research aims to understand how people think about 
saving energy so that better help and information can be 
provided.
Saving energy in your daily life
Like many people you've probably heard lots about saving energy in your daily life. 
Unfortunately, the experts don't understand how people think about their energy savings. 
So they don't know how best to help people understand how to save energy. My research 
will try to understand this better so that more useful information can be provided.
I would like to invite you to take part in an interview to understand your views. My name is 
Laura Cowen and I'm a PhD student at University of Surrey. I live in North Baddesley and 
work locally in IT.
What will happen during the interview?
We will talk about saving energy in your daily life. I just want your views; there is no right or
wrong answer. It will take between half-an-hour and an hour, and I would like to 
audio-record it for the purposes of transcription. You can choose not to answer any 
question, and to stop the interview or the recording at any time without giving a reason.
How do I take part?
Contact Laura by email (l.cowen@surrey.ac.uk) or phone (see below) to arrange an 
interview at a convenient time and place.
Will my taking part in the study be kept confidential?
Yes. All of the information you give will be anonymised so that those reading reports from 
the research will not know who has contributed to it. Data will be stored securely for 10 
years in line with University policy and in accordance with the Data Protection Act 1998. 
The audio-recording will be destroyed after being transcribed.
What happens when the research study stops?
The data will be used to inform the direction of future studies as part of Laura Cowen’s 
PhD project, and may be written up for publication. If you would like to receive a summary 
of the study findings, please contact Laura (l.cowen@surrey.ac.uk). 
Who should I contact if I have any questions?
Researcher: Laura Cowen (l.cowen@surrey.ac.uk, 0787 318 4265) 
Supervisor: Dr. Birgitta Gatersleben (b.gatersleben@surrey.ac.uk, 01483 68 9306) 
Thank you for reading this information sheet.
Saving energy in your everyday life
Background
• PhD researcher - University of Surrey.
• North Baddesley - work in IT.
• PhD project on how people save energy in their everyday lives.
• Lots of different ways of presenting information about the amount of energy you can save
but the experts don't know what the best way is.
• My research will try to understand better how people make sense of saving energy.
• We'll discuss how you can save energy in your everyday life.
• There isn't a right or wrong answer. I'd just like to know what you think.
What will happen
• Several households.
• Look for common themes across what people say.
• Say as much as you like.
Consent
• If you want to withdraw from the research at any point, even after the interview, that's fine
– you're not under any obligation.
• And if you don’t want to answer any question, that's fine too.
• The interviews will be anonymous – I won’t use your name or details at any point, and I’ll 
change things around so that you can’t be identified from the research.
• The interview will be confidential – I'll only discuss it with my research colleagues at the 
university, and I'll only use it for research. 
Starting
• Questions?
• Okay to record? After the interview, the recording will be transcribed and then deleted.
• Sign form? - to confirm that I have let you know of your right to withdraw, and of 
confidentiality and anonymity.
[Complete consent form.]
I'm going to start the recording now.
[Start audio recorder.]
Background information
• How many people live in this house? Are there any children?
[check it's recording]
1
Understanding of the terms
• As I explained, I'm going to ask you about how you can save energy in your daily life – and that's
both inside and outside your home.
• Before we start, could you briefly explain to me what you think of when I say we're going to talk 
about saving energy?
[repeat back]
• Thanks – just wanted to check that we were talking about the same thing.
Listing things you do that save energy
[Give participant a stack of pieces of card.] 
• On each card, write down a way that you can save energy in your everyday life, inside and 
outside your home.
• Then put the card on the table and read out loud what you wrote on it.
• Number each card so that I can easily refer to it when I'm making notes.
• Create as many cards as you can think of - no hurry.
When finished:
• If you think of anything else as we go, just add another card
What uses most and least?
• Which can save most?
• Which can save least?
[repeat back]
2
Grouping the cards
• Look at how much energy these things save.
• Take all cards, put in groups so that things that save similar amounts of energy are together.
• As many groups as you like.
• Think out loud for the recording.
[Which cards are you thinking about? Which groups could they go in?]
I'll take a photo of the cards and make a note of their groups to help me later.
• Can change mind still.
Talking through the groupings
[note down any factors as we go]
• Talk through - change or add at any time. - No right/wrong answer. Just say whatever you think.
For each group:
• Can you read out the cards in this group?
• Save similar amounts of energy. But different from these other groups?
• How did you decide that they were similar in how much energy they save?
• What is it about them, do you think, that means they save similar amounts of energy?
• Do any of the items have anything else in common, other than energy savings?
• [after first group] What's different about this group compared with other(s)?
3
Estimating relative energy quantities
• More detail of how much energy things save.
• Rearrange cards in a single line as if on a scale – from least on the left to most on right.
• Think out loud as you arrange the cards.
• Again, no right/wrong answer – feel free to add more cards or change your mind
• Can change mind still.
Talking through the relative amounts of energy
[note down any factors as we go]
• This saves the most and this saves the next most etc? This saves least?
• Compare this card and this card, how many times more energy does this save compared with 
this?
• Why do you think that is?
◦ What differences are there between them that could cause x to save x times more energy?
Include approx 5 pairs of cards (more if there are more interesting pairs), picked according to...
◦ middle-ish vs most
◦ middle-ish vs least
◦ quarter-way vs three-quarters-way
◦ most vs least
◦ inc cross-fuel, if poss
◦ inc cross-domain (eg appliance vs transport), if poss
 
4
Anything else you do?
• Anything else occurred to you - done in the past year?
• What sort of central heating boiler do you have?
◦ How could you save energy in terms of the boiler? Where in scale? How's it compare to next 
card/smallest card? How's it same/different?
• Do you own a car? If you stopped using it, where would it go? etc
• Flown on holiday? If you didn't fly, where would it go? etc
Biggest factor(s) in how much energy something uses?
• You've mentioned a few reasons why each of these items saves a little or a lot of energy.
• What do you think are the biggest factors in how much energy something saves? Any others? 
Which makes most difference?
What information would you need?
• If someone could tell you how much energy is saved by just one of these items, which would be 
most useful to you? Why?
• Do you have an energy monitor (from utility or bought by self)?
5
Finishing
• That's all my questions. Anything you'd like to add?
• Husband/wife/partner/housemate interested?
Debriefing
• Interested specifically in understanding how people estimate how much energy they save.
• Make sure then that people are getting advice that makes sense in terms of their existing 
knowledge. Or can correct misunderstandings.
• I'm not so interested at the moment what people are right or wrong about. More interested in their
reasoning about why they think what they think.
If ask whether they were right:
• No right/wrong answer. Can't say for sure about the appliances around the home because they 
do vary depending on the make/model and age.
• Can measure your specific household. See webpage for links to calculators and to monitors that 
can buy.
If ask why there is no right/wrong answer:
• The exact details can vary between people, households, makes and models. So I'd just like to 
know what you think from your knowledge and life.
Answers to obvious questions:
• Gas can be 3-4 times as much used as elec, even though more things tend to use elec.
• In UK, transport (mainly cars) and domestic each use more energy than industry (not a lot of 
industry now – import a lot).
• 30% used in home, of which majority is heating rooms and water. 
• Appliances have got more efficient since 1970s but we have many many more of them.
6
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C.2 Ways of saving energy mentioned by participants
Table C.1 shows all the ways of saving energy that participants mentioned during
their interviews.
Table C.1: Ways of saving energy mentioned by participants in Study 3.
Action No. of participants Participants
USE LESS
Don’t have a car at all/drive (go to those
places) less
4 PS03, PS06, PS07, PS09
Put the heating on timer / switch it on less /
smart controller so can turn on/off more
4 PS06, PS09, PS10, PS04
Turn on taps less often (to use less hot water) 1 PS02
Shorten shower time 1 PS05
Switch off the TV / switch off/hibernate
computer
5 PS05, PS06, PS08, PS09,
PS10
Turn off power on plugs/don’t leave TV and
consoles on standby
8 PS02, PS03, PS04, PS05,
PS06, PS07, PS09, PS10
Don’t have certain appliances (dishwasher,
tumble dryer, computer) at all
2 PS06, PS09
Don’t turn the oven on for so long 1 PS05
Turn off lights that aren’t being used 7 PS03, PS04, PS05, PS07,
PS08, PS09, PS10
Only have the necessary number of radiators
on
1 PS06
Fewer car journeys/walk or use public
transport instead
6 PS01, PS02, PS03, PS05,
PS06, PS10
Wear more clothes instead of putting the
heating on
3 PS03, PS05, PS06
Use gas fire instead of having the radiators
on
1 PS06
Shower instead of bath 2 PS05, PS10
Don’t use the tumble dryer in the summer 3 PS03, PS05, PS06
Use a slow-cooker instead of the cooker 1 PS03
Sweep the drive instead of using a leaf
sucker / hand-mow the lawn instead of
using a lawnmower
2 PS09, PS10
Don’t use the electric microwave (use the gas
hob instead)
1 PS09
Eat elsewhere (so not using cooker) 1 PS04
Use carpet sweepers instead of the vacuum 1 PS09
EFFICIENCY: USE DIFFERENTLY
Make sure the fridge and freezer are full 1 PS02
One-pot cooking, eg remoska 1 PS03
Not boiling too much water in the kettle 3 PS01, PS02, PS04
Use a 30 degree/low temperature cycle on
washing machine
3 PS04, PS05, PS10
Continued on next page
Appendix C. Study 3 (Chapter 6) 314
Table C.1 – Continued from previous page
Action No. of participants Participants
Use eco-settings on the washing machine
and dishwasher
2 PS06, PS07
Make sure tyre pressures are correct 2 PS02, PS07
Empty boot and/or roof-racks 2 PS02, PS07
Drive more efficiently 3 PS02, PS07, PS10
Replace batteries in electric mobility scooter 1 PS09
Reduce heating (temperature) / turn down
thermostat / program thermostat to right
temperatures
7 PS01, PS02, PS03, PS06,
PS07, PS08, PS10
Service the boiler 2 PS02, PS08
Install thermostats on radiators 1 PS07
Insulate wall cavities 4 PS03, PS07, PS08, PS10
Insulate the loft 5 PS01, PS03, PS07, PS08,
PS10
Insulate the walls with foil-lined
plasterboard
1 PS03
Insulate walls behind radiators 1 PS07
Double-glazed windows 4 PS01, PS03, PS07, PS08
Install draught-excluders 2 PS03, PS07
Insulate the hot water tank 2 PS07, PS08
Change washing machine to cold water feed
to use less energy to heat water
1 PS02
Change electric oven to gas 1 PS09
EFFICIENCY: REPLACE APPLIANCE
Fuel efficient car 2 PS01, PS04
Replace the boiler with a more efficient one 3 PS02, PS03, PS07
Choosing energy-efficient
appliances/A-rated appliances
4 PS01, PS03, PS07, PS08
Install energy-saving/low-energy light bulbs 6 PS01, PS02, PS03, PS07,
PS08, PS10
MISC OTHER MEASURES
installing photovoltaics / solar panels 1 PS03
Recycling 2 PS01, PS08
Composting 1 PS08
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Studies 4A, 4B, and 4C (Chapter 7)
Studies 4A, 4B, and 4C are reported in Chapter 7. The following sections contain
the ethical approval records and tables of data for Studies 4A, 4B, and 4C (Chap-
ter 7), and a sample R script to run the dual scaling analysis and plot the data for
Study 4A.
D.1 Ethical approval records for Studies 4A, 4B, and
4C
1	/	7
Self-Assessment	Form:	Ethics	(SAFE)
Response	ID Completion	date
160708-160702-25896913 9	Oct	2017,	14:06	(BST)
1 Project	title Which	action	saves	most	energy?
2 Chief	Investigator: Laura	Cowen
2.a Email	address: l.cowen@surrey.ac.uk
3 Level	of	research PhD
3.b If	this	is	a	PhD	study
please	provide	the	name
of	your	supervisor/s
Dr	Birgitta	Gatersleben
4 Does	the	study	require
review	by	an	NHS
Research	Ethics
Committee?
No
5 Does	the	study	involve
the	inducement	of	MORE
than	minimal	stress	to
the	participant?
No
1	/	7
Self-Assessment	Form:	Ethics	(SAFE)
Response	ID Completion	date
160708-160702-33109856 27	Mar	2018,	11:46	(BST)
1 Project	title Heuristics	in	perceptions	of	energy-saving
actions	-	Study	B
2 Chief	Investigator: Laura	Cowen
2.a Email	address: l.cowen@surrey.ac.uk
3 Level	of	research PhD
3.b If	this	is	a	PhD	study
please	provide	the	name
of	your	supervisor/s
Dr	Birgitta	Gatersleben
4 Does	the	study	require
review	by	an	NHS
Research	Ethics
Committee?
No
5 Does	the	study	involve
the	inducement	of	MORE
than	minimal	stress	to
the	participant?
No
1	/	7
Self-Assessment	Form:	Ethics	(SAFE)
Response	ID Completion	date
160708-160702-33110427 27	Mar	2018,	11:51	(BST)
1 Project	title Heuristics	in	perceptions	of	energy-saving
actions	-	Study	C
2 Chief	Investigator: Laura	Cowen
2.a Email	address: l.cowen@surrey.ac.uk
3 Level	of	research PhD
3.b If	this	is	a	PhD	study
please	provide	the	name
of	your	supervisor/s
Dr	Birgitta	Gatersleben
4 Does	the	study	require
review	by	an	NHS
Research	Ethics
Committee?
No
5 Does	the	study	involve
the	inducement	of	MORE
than	minimal	stress	to
the	participant?
No
2	/	7
6 Does	the	study	involve
children	under	16	years
or	other	vulnerable
groups	such	as	those	16
and	over	who	may	feel
under	pressure	to	take
part	due	to	their
connection	with	the
researcher?
No
7 Does	the	study	involve
prisoners	or	young
offenders?
No
8 Does	the	study	involve
the	new	collection	or
donation	of	human
tissue,	as	defined	by	the
Human	Tissue	Act,	from
a	living	person	or	the
recently	deceased
according	to	the	Human
Tissue	Authority?
No
9 Does	the	study	involve
any	of	the	following	...
No
3	/	7
10 Are	you	planning	to
access	records	of	and/or
collect	personal
confidential	data,
concerning	identifiable
individuals	as	defined	by
the	UK	Data	Protection
Act	1998?
No
11 Are	you	linking	or
sharing	personal	data	or
confidential	information
beyond	the	initial
consent	given	(including
linked	data	gathered
outside	of	the	UK)?
No
12 Will	you	collect	or	access
audio/video	recordings,
photographs	or
quotations	within	which
participants	may	be
identifiable	and	with	the
intention	to	disseminate
those	beyond	the
research	team?
No
13 Does	the	study	require
participants	to	take	part
in	the	study	without	their
knowledge	and/or
consent	at	the	time?
No
4	/	7
14 Does	the	study	involve
deception	other	than
withholding	information
about	the	aims	of	the
research	until	the
debriefing?
No
15 Do	you	plan	to	offer
incentives	which	may
unduly	influence
participants’	decision	to
participate?
No
16 Does	the	study	involve
activities	where	the
safety/wellbeing	of	the
researcher	may	be	in
question?
No
17 Do	you	think	that	any
other	significant	ethical
concerns	may	arise,	or
does	your	external
funding	body	or	sponsor
require	ethical	review	to
be	undertaken?
No
5	/	7
18 Could	the
behavioural/physiological
intervention	possibly	lead
to	discovery	of	ill	health
or	concerns	about
wellbeing	in	a	participant
incidentally	even	if	the
intervention	in	itself
causes	no	more	than
minimal	stress	is	to	the
research	participant?
No
19 Are	you	investigating
existing	working	or
professional	practices
among	participants,
identifiable	to	yourself	as
the	researcher	at	your
own	place	of	work	(this
may	be	the	University	of
Surrey	or	another
organisation	where	you,
your	supervisor	or	co-
investigator	work)?
No
20 Is	the	research	proposal
to	be	carried	out	by
persons	unconnected
with	the	University,	but
wishing	to	use	staff
and/or	students	as
participants?
No
21 I,	the	undersigned,
confirm	that	I	have	read
the	Ethics	Handbook	for
I	agree
6	/	7
Teaching	and	Research
and	the	Code	on	Good
Research	Practice.	I
understand	that	the
project	may	be
monitored	and	audited
by	the	University	of
Surrey	to	ensure	that	it	is
carried	out	in
accordance	with	good
practice,	legal	and	ethical
requirements	and	any
other	guidelines.	I
understand	that	the
protocol	and	any
associated	documents
such	as	information
sheets	and	consent
forms	should	have
version	numbers	and
dates.	If	I	make	any
significant	changes	to
my	protocol	I	understand
that	I	should	complete
the	self-assessment
again.	I	am	also	aware
that	any	knowingly
wrong	answer	to	any	of
the	questions	below	and
any	research
misconduct	reported
may	lead	to	disciplinary
measures	after
investigation.	In	case	of
dissertation	projects	or
theses,	the	provision	of
knowingly	incorrect
information	or	proven
research	misconduct
may	affect	academic
progression.
7	/	7
progression.
21.a Name Laura	Cowen
21.b Date	self-assessment
form	is	submitted
27/03/2018
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D.2 Data tables for dual scaling analysis for Studies
4A, 4B, and 4C
The “negative” rows have been removed from each of the following tables for
space. They would need to be added back in to be able to run a dual scaling
analysis in R on the data.
A
ppendix
D
.
Studies
4A
,4B,and
4C
(C
hapter
7)
322
Table D.1: Study 4A data table.
tvSize tvAge tvHeat boilerSize boilerAge boilerHeat wm’Size wm’Age wm’Heat carSize carAge carHeat
1 1 4 5 3 7 11 0 5 10 5 6 9
2 4 6 9 5 7 10 1 5 11 2 4 2
3 4 4 4 6 7 11 2 9 8 4 3 4
4 1 2 2 4 7 11 9 4 8 5 6 7
5 2 3 3 4 7 10 6 9 4 5 5 8
6 5 4 10 2 6 8 1 7 10 5 6 2
7 7 7 9 10 9 2 4 5 3 5 3 2
8 4 7 4 2 8 11 0 9 10 3 6 2
9 3 6 7 2 4 11 4 7 8 2 2 10
10 1 0 8 5 4 11 9 8 8 4 4 4
11 0 2 4 6 10 9 4 5 7 10 8 1
12 6 2 7 8 3 10 5 2 7 7 1 8
13 1 1 2 5 7 10 6 6 11 7 7 3
14 6 2 9 5 4 11 6 1 10 6 0 6
15 6 8 8 1 6 6 5 4 5 6 6 5
16 3 4 7 5 7 10 0 5 9 2 3 11
17 1 4 5 4 5 11 3 7 9 9 5 3
18 0 4 6 3 10 8 3 6 11 2 7 6
19 0 2 5 7 7 10 3 5 6 10 10 1
20 0 3 2 6 5 11 7 3 10 8 3 8
21 2 8 2 2 10 6 1 7 8 6 11 3
22 1 7 7 2 10 6 3 6 4 5 9 6
23 4 7 6 5 5 10 7 7 8 3 1 3
24 3 5 7 4 3 11 3 7 9 5 4 5
25 2 4 10 0 5 11 6 5 7 7 1 8
26 4 2 3 4 9 10 1 7 9 9 6 2
27 1 5 3 5 7 9 3 6 10 7 4 6
28 1 8 5 3 9 11 3 8 7 1 5 5
29 1 3 1 7 8 10 1 5 9 10 5 6
30 7 1 4 7 3 10 6 2 10 9 0 7
31 6 2 11 3 5 9 0 1 10 7 4 8
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Table D.1 – Continued from previous page
tvSize tvAge tvHeat boilerSize boilerAge boilerHeat wm’Size wm’Age wm’Heat carSize carAge carHeat
32 6 2 9 6 2 11 5 2 8 4 1 10
33 5 3 3 9 7 11 8 6 10 1 0 3
34 2 6 4 2 7 7 3 6 8 10 11 0
35 6 7 4 4 6 7 6 4 7 5 3 7
36 4 1 7 4 6 11 5 1 9 6 6 6
37 4 0 4 6 4 10 6 1 9 8 3 11
38 0 6 1 4 10 10 5 7 6 6 8 3
39 3 6 5 1 10 10 0 4 8 8 8 3
(Note.) wm’Size = wmachineSize, wm’Age = wmachineAge, wm’Heat = wmachineHeat.
Table D.2: Study 4B data table.
kettleAge ovenAge boilerAge kettleSize ovenSize boilerSize k’HeatD o’HeatD b’HeatD k’HeatR o’HeatR b’HeatR
1 2 2 4 4 1 2 10 7 8 6 9 11
2 1 4 4 1 3 4 8 8 9 4 10 10
3 0 1 2 4 4 5 8 5 10 7 10 10
4 4 4 7 3 2 6 10 4 9 4 2 11
5 3 4 8 6 3 6 10 2 11 1 3 9
6 3 7 9 1 1 5 11 5 10 3 3 8
7 0 5 9 2 5 7 2 7 11 2 6 10
8 7 5 5 4 6 3 10 4 10 5 5 2
9 1 5 9 1 1 6 6 5 11 3 8 10
10 1 5 7 6 4 2 11 8 10 0 4 8
11 2 5 10 2 0 2 8 6 10 4 7 10
12 5 3 6 2 2 0 7 11 10 4 8 8
13 1 5 7 3 0 4 11 8 10 4 4 9
14 0 4 7 2 6 9 4 7 11 1 5 10
15 3 5 7 2 0 1 9 8 11 5 6 9
16 6 6 7 2 4 4 11 9 10 0 1 6
17 0 8 6 2 5 3 4 9 11 1 7 10
18 4 6 8 2 2 2 10 0 9 6 8 9
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Table D.2 – Continued from previous page
kettleAge ovenAge boilerAge kettleSize ovenSize boilerSize k’HeatD o’HeatD b’HeatD k’HeatR o’HeatR b’HeatR
19 5 5 4 5 6 4 8 7 5 4 6 7
20 7 5 7 2 3 5 6 2 8 6 4 11
21 3 3 7 5 3 4 9 0 7 6 8 11
22 3 2 5 0 2 4 8 10 11 5 7 9
23 3 6 10 1 3 8 6 1 5 3 9 11
24 8 2 1 8 5 3 11 7 10 5 2 4
25 2 1 1 6 7 5 9 6 8 4 8 9
26 2 4 5 1 0 4 7 10 10 6 8 9
27 0 1 2 3 4 5 10 6 7 10 9 9
28 1 3 4 1 1 8 6 9 8 6 9 10
29 3 3 3 4 6 8 9 5 7 6 7 5
30 2 8 10 5 3 1 4 6 9 2 5 11
31 2 6 11 4 5 7 6 0 10 1 5 9
32 1 4 8 2 4 2 10 9 11 3 5 7
33 0 3 9 2 4 6 5 8 10 2 6 11
34 5 3 7 0 2 5 7 8 7 7 7 8
35 0 6 8 2 4 7 3 7 10 2 7 10
36 1 3 3 0 4 5 10 10 7 5 9 9
37 2 5 10 1 4 8 5 2 9 3 7 10
38 1 5 8 2 3 2 8 8 11 4 4 10
39 1 5 7 3 7 6 7 6 6 6 4 8
(Note.) k’HeatD = kettleHeatD, o’HeatD = ovenHeatD, b’HeatD = boilerHeatD, k’HeatR = kettleHeatR, o’HeatR = ovenHeatR, b’HeatR =
boilerHeatR.
Table D.3: Study 4C data table.
kettleLess ovenLess boilerLess fr’fLess kettleDiff ovenDiff boilerDiff fr’fDiff kettleRep ovenRep boilerRep fr’fRep
1 9 7 7 6 8 5 10 6 3 1 0 4
2 6 4 4 7 9 6 7 5 3 3 10 2
3 6 7 10 2 8 3 11 2 0 3 8 6
4 1 5 9 1 5 6 11 1 3 6 10 8
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Table D.3 – Continued from previous page
kettleLess ovenLess boilerLess fr’fLess kettleDiff ovenDiff boilerDiff fr’fDiff kettleRep ovenRep boilerRep fr’fRep
5 2 2 8 6 7 4 6 1 5 7 10 8
6 0 4 8 1 4 4 8 6 3 9 10 9
7 5 8 11 2 3 6 10 1 1 7 9 3
8 3 6 11 7 8 8 6 1 1 2 8 5
9 3 6 7 6 0 3 5 1 5 9 11 10
10 6 5 10 0 4 8 11 4 1 5 8 4
11 7 9 11 6 3 5 10 0 1 2 8 4
12 0 3 10 6 4 6 8 4 3 5 9 8
13 6 4 10 8 10 3 6 7 1 2 9 0
14 0 5 9 2 4 4 6 7 3 9 10 7
15 6 4 8 4 9 4 10 11 2 3 4 1
16 7 6 8 1 8 4 9 2 4 6 7 4
17 3 7 9 1 5 5 11 1 1 6 10 7
18 2 3 6 6 2 3 8 10 4 5 10 7
19 6 10 11 4 6 4 8 7 0 3 4 3
20 1 6 11 8 3 6 10 4 0 4 8 5
21 5 7 9 5 5 3 3 7 3 4 8 7
22 1 1 5 2 7 8 10 2 4 10 8 8
23 3 1 5 3 10 10 7 9 4 5 8 1
24 5 5 5 2 6 7 11 1 4 5 9 6
25 8 8 11 4 9 3 9 6 3 1 4 0
26 2 9 11 1 4 7 10 4 0 5 8 5
27 3 6 7 6 6 2 0 2 7 11 7 9
28 6 10 10 7 8 4 10 0 1 2 5 3
29 6 9 11 5 6 7 8 1 0 2 6 5
30 1 3 8 8 8 2 11 1 3 5 9 7
31 3 1 5 2 8 5 6 2 6 9 8 11
32 5 8 11 1 7 6 9 0 5 4 8 2
33 6 9 11 5 6 6 9 4 0 2 6 2
34 3 7 9 2 10 4 10 5 3 4 7 2
35 4 7 8 4 11 6 10 2 1 3 9 1
36 7 5 10 0 8 4 11 2 1 6 9 3
37 3 8 10 8 4 2 11 2 0 6 5 7
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Table D.3 – Continued from previous page
kettleLess ovenLess boilerLess fr’fLess kettleDiff ovenDiff boilerDiff fr’fDiff kettleRep ovenRep boilerRep fr’fRep
38 3 2 4 1 9 9 11 8 3 5 6 5
39 1 4 9 4 7 8 11 0 2 5 9 6
40 5 7 9 3 6 8 10 1 2 2 11 2
(Note.) fr’fLess = fridgefLess, fr’fDiff = fridgefDiff, fr’fRep = fridgefRep.
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D.3 Dual scale analyses using R software
The paired comparisons data for Studies 4A–4C were analysed with dual scale
analysis using R. Neither of the original pieces of software for running dual scal-
ing analyses are now easily available to researchers1. Instead, it is possible to run
a dual scaling analysis using R with the ca package2, though there is a lack of
documentation on how to do this.
R is a programming language for conducting statistical analyses and creat-
ing graphs. It is free to download (The R Foundation, 2018) and several intro-
ductory guides to R can be found online. R is becoming increasingly popular
with scientists (Tippmann, 2015) including within social science, such as when
studying perceptions of energy consumption (Gabe-Thomas et al., 2016) and en-
vironmental loss (Brown, Peterson, Brodersen, Ford, & Bell, 2005). There is even
a version of a popular undergraduate statistics text book written for R (Field,
Miles, & Field, 2012). Because R is open source, researchers with (or with access
to) programming skills, can write extensions (packages) to make it easier to run
specific types of statistical analyses of specific types of data for their domain of
research. There are now multiple statistical packages for using R in social and be-
havioural science research, including common statistical methods for psychologi-
cal research data (Revelle, 2018), statistical methods for behavioural, educational,
and social science research (Kelley, 2007), and Rand Wilcox’s robust statistical
methods (Mair & Wilcox, 2018).
A dual scaling analysis can be run in R with the ca package (see Nenadic &
Greenacre, 2007, for documentation of the ca package). The ca package requires a
slightly different input matrix format for the data than the format documented for
dual scaling in Nishisato (2004, 2007) in which the researchers used the DUAL3
software to run the dual scaling analyses. In the modified input matrix format,
each column in the matrix represents a stimulus (e.g. an energy-saving measure)
and each participant is represented by two consecutive rows (Torres & Greenacre,
2002; van de Velden, 2004). In the first row for each participant, the values repre-
sent the number of times that the participant chose the stimulus over each other
1A Fortran program and then DUAL3 (MicroStats, 2000), a Basic program that runs only on
very old versions of Microsoft Windows (S. Nishisato, personal communication, September 22,
2017).
2Although there is a dualScale package available for R (Clavel, Nishisato, & Pita, 2015), it
does not currently support paired comparisons data.
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stimulus (the “positive” row). In the second row, the values represent the num-
ber of times that the participant chose each other stimulus over the stimulus (the
“negative” row). The coordinates that were generated as output from the dual
scaling analysis in Chapter 7 were plotted for interpretation using the R ggplot2
package (Wickham, 2009). Although the ca package can plot the coordinates (Ne-
nadic & Greenacre, 2007), the plotting software used by the package does not
present the coordinates from paired comparisons data very clearly. Instead, the
data were reshaped by the researcher and then the ggplot2 package used to plot
the coordinates.
D.3.1 Preparing the data input matrix for dual scaling in R
To run a dual scaling analysis on paired comparisons data in R, the data must be
arranged into an input matrix that displays the number of times the participant
chose each stimulus over all the other stimuli and the number of times the par-
ticipant did not choose each stimulus over all the other stimuli. Table D.4 shows
the first five participants and first six stimuli from the Study 4A paired compar-
isons dataset to illustrate the input matrix format. For each participant, there is a
“positive” row followed by a “negative” row. See Table D.1 Appendix D for the
complete data table, though without the negative rows to save space.
Table D.4: Example set of five participants and six stimuli in the input matrix format for
a dual scaling analysis using R.
tvSize tvAge tvHeat boilerSize boilerAge boilerHeat
1 1 4 5 3 7 11
1 - 10 7 6 8 4 0
2 4 6 9 5 7 10
2 - 7 5 2 6 4 1
3 4 4 4 6 7 11
3 - 7 7 7 5 4 0
4 1 2 2 4 7 11
4 - 10 9 9 7 4 0
5 2 3 3 4 7 10
5 - 9 8 8 7 4 1
The positive row for each participant shows the number of times the partic-
ipant chose each stimulus over the other eleven stimuli it was paired with. For
example, participant 1 chose the boilerHeat stimulus over every other stimulus
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with which it was paired, so there is a 11 in the first row of the boilerHeat col-
umn; they chose boilerAge over seven of the other stimuli, so there is a 7 in the
first row of the boilerAge column, and so on.
The negative row for each participant shows the number of times the par-
ticipant chose each of the other eleven stimuli over the stimulus. For example,
participant 1 never chose the other stimuli over boilerHeat, so there is a 0 in the
second row of the boilerHeat column; they chose four of the other stimuli over
boilerAge, so there is a 4 in the second row of the boilerAge column, and so on.
The values in each column for each participant add up to eleven because, for
twelve stimuli there are eleven possible pair-combinations that the participant
had to judge. In the full input matrix from Study 4A, there were 78 rows for
the 39 participants and 12 columns for the 12 stimuli (energy-saving measures).
The order of the rows in the table is important: the positive row is first and the
negative row for the same participant is directly beneath it (Torres & Greenacre,
2002)3.
D.3.2 Sample R script
The following sample R script was used to run the dual scaling analysis and plot
the data for Study 4A:
# To run from terminal : R s c r i p t ca−a n a l y s i s . r
# Before you can run t h i s s c r i p t , i n s t a l l R v3 . 4 . 4 or above .
# Also i n s t a l l each of the packages l i s t e d in the next s e c t i o n ( t h i s
s c r i p t does not i n s t a l l them f o r you ) .
# Got everything i n s t a l l e d ? ( don ’ t worry , R w i l l t e l l you i f you
haven ’ t )
# Let ’ s go !
# S e c t i o n 1 : Load l i b r a r i e s needed by t h i s
s c r i p t−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
# Run dual s c a l i n g a n a l y s i s with correspondance a n a l y s i s package
l i b r a r y ( ca )
# P l o t coordinates generated by ca ( )
l i b r a r y ( ggplot2 )
3It is also important that there is no label in the first row of the left-most column, which con-
tains the participant IDs. When the matrix is imported as a data frame into R, the participant IDs
are row names instead of a column in the data frame and the import fails if there is any value
(including blank space) in the first row of the ID column.
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# Customise the s c a l e s within the p l o t s
l i b r a r y ( s c a l e s )
# Combined a l l dataframes i n t o one with r b i n d l i s t ( ) and s e t a t t r ( )
l i b r a r y ( data . t a b l e )
# Tidy up the data point l a b e l s in ggplots
l i b r a r y ( ggrepel )
# S e c t i o n 2 : Import CSV f o r Dual S c a l i n g a n a l y s i s
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
# Set working d i r e c t o r y f o r input
setwd ( "/home/laura/Dropbox/PhD/Thesis/Write−up/Thesis on
Overleaf/ S c r i p t s /Data " )
#setwd (" < path >/ S c r i p t s /Data " )
# Import the csv of data i n t o R .
# Have to s p e c i f y row . names or the import puts a c h a r a c t e r in the
blank f i r s t c e l l , which than prevents the ca ( ) command running .
analys is InputData <− read . csv ( " r−data . csv " ,
row . names = 1 ,
header = TRUE,
sep = " , " ,
quote = "\" " ,
s t r i n g s A s F a c t o r s = FALSE)
# Set working d i r e c t o r y f o r output
setwd ( " . . /Output " )
# S e c t i o n 3 : Run Dual S c a l i n g a n a l y s i s
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
# Run a n a l y s i s on imported data to generate coordinates f o r p l o t s
caOutput <− ca ( analys is InputData )
# Run and save summary a n a l y s i s f o r r e f e r e n c e
summary <− summary ( caOutput )
s ink ( " StudyA−ca−summary . t x t " )
summary
p r i n t ( caOutput )
s ink ( )
# S e c t i o n 4 : I d e n t i f y number of dimensions −−−−−−−−−−−−−−−−−−−−−−−−
# E x t r a c t s c r e e values to data frame
screeValues <− data . frame ( summary$ s c r e e )
names ( screeValues ) <− c ( " Dimension " , " Variance " , " Percentage " ,
" Cummulative " )
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screeValues $ Variance <− c ( round ( screeValues $ Variance , d i g i t s = 2) )
screeValues $ Percentage <− c ( round ( screeValues $ Percentage , d i g i t s = 2) )
screeValues $Cummulative <− c ( round ( screeValues $Cummulative , d i g i t s =
0) )
screeValuesSum <− rbind ( screeValues ,
c ( " Tota l : " , round (sum( screeValues $ Variance ) ,
d i g i t s = 2) ,
round (sum( screeValues $ Percentage ) , d i g i t s =
0) , " " ) )
# Save s c r e e values to a t a b l e
wri te . t a b l e ( screeValuesSum ,
f i l e = " StudyA−tab le−s c r e e . t x t " ,
row . names = FALSE ,
quote = FALSE ,
eo l = "\\\\\n" ,
sep = " & " )
# S e c t i o n 5 : E x t r a c t coordinates from the Dual S c a l i n g output to p l o t
−−−−−−−−−−−−−−−−−−−−−−−−−−−
# p r i n c i p a l coordinates f o r a c t i o n s ( columns )
actionCoords <− as . data . frame ( cacoord ( caOutput ,
type=" p r i n c i p a l " ,
dim=c ( 1 : 3 ) , # I d e n t i f y dimensions to include
rows=FALSE ,
c o l s =TRUE) )
# p r i n c i p a l coordinates f o r p a r t i c i p a n t s ( rows )
par t i c ipantCoordsAl l <− as . data . frame ( cacoord ( caOutput ,
type=" p r i n c i p a l " ,
dim=c ( 1 : 3 ) ,
rows = TRUE,
c o l s = FALSE) )
# Remove negat ive p a r t i c i p a n t coordinates ( from the ’− ’ rows )
# def ine shorthand f o r even−numbered rows ( i e those conta in ing
negat ive p a r t i c i p a n t IDs )
# Make sure t h i s upper number i s g r e a t e r than the number of rows in
the input matrix
even <− 2 * c ( 1 : 2 0 0 )
# p r i n c i p a l coordinates f o r p a r t i c i p a n t s with the negat ive p a r t i c i p a n t
rows removed
part ic ipantCoords <− data . frame ( par t i c ipantCoordsAl l [−even , ] )
# S e c t i o n 6 : P l o t the coordinates of the a c t i o n s and p a r t i c i p a n t s
−−−−−−−−−−−−−−−−−−−−−−−−
# Modify these to change the font s i z e s and the t e x t and l i n e colours
in the p l o t s
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pointLabe lS ize <− 3
ppointLabelS ize <− 2
pointLabelColour <− " gray50 "
dimensionLabelSize <− 3
dimensionLabelColour <− " gray50 "
dimensionLineColour <− " gray50 "
descr ipt ionLabelColour <− " red "
d e s c r i p t i o n L a b e l S i z e <− 3
# Bas ic p l o t of Dim1 vs Dim2 without p a r t i c i p a n t s
Dim1vsDim2actionsonly <−
ggplot ( ) +
theme_minimal ( ) +
# Make the graph squared and f i x e d r a t i o
coord _ f i x e d ( r a t i o = 1) +
xlim (−0.9 , 0 . 9 ) +
ylim (−0.9 , 0 . 9 ) +
# P l o t a c t i o n s in one colour/shape
geom_ point ( data = actionCoords ,
aes ( x = Dim1 , y = Dim2) ,
shape = 17 ,
colour = " red " ) +
# Add l a b e l s ( with l i n e s when necessary ) to a c t i o n points
geom_ t e x t _ r ep e l ( data = actionCoords ,
aes ( x = Dim1 , y = Dim2) ,
l a b e l = rownames ( actionCoords ) ,
s i z e = pointLabelS ize ,
box . padding = uni t ( 0 . 4 5 , " l i n e s " ) ,
segment . alpha = 0 . 2 ,
colour = pointLabelColour ) +
# Remove d e f a u l t x and y l a b e l s (we’ l l l a b e l the dimensions ins tead )
l a b s ( x=" " , y=" " ) +
# Add l i n e s through the o r i g i n to i d e n t i f y the dimensions
geom_ h l i n e ( y i n t e r c e p t = 0 ,
colour = dimensionLineColour ,
alpha = . 4 ) +
geom_ v l i n e ( x i n t e r c e p t = 0 ,
colour = dimensionLineColour ,
alpha = . 4 )
# Add dimension annotat ions to Dim1vsDim2 p l o t f o r ease of
i n t e r p r e t a t i o n
Dim1vsDim2Dim1Annotation <−
annotate ( " t e x t " ,
x = 0 . 8 5 ,
y = 0 . 0 6 ,
l a b e l = " Dimension 1 " ,
s i z e = dimensionLabelSize ,
colour = dimensionLabelColour )
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Dim1vsDim2Dim2Annotation <−
annotate ( " t e x t " ,
x = −0.05 ,
y = 0 . 8 5 ,
l a b e l = " Dimension 2 " ,
s i z e = dimensionLabelSize ,
colour = dimensionLabelColour ,
angle = 90)
# P l o t p a r t i c i p a n t s in d i f f e r e n t colour/shape
Dim1vsDim2participants <−
geom_ point ( data = part ic ipantCoords ,
aes ( x = Dim1 , y = Dim2) ,
shape = 20 ,
colour = " blue " ,
alpha = . 5 )
# Create b a s i c graph from p ar t s
Dim1vsDim2actionsonly +
Dim1vsDim2participants +
Dim1vsDim2Dim1Annotation +
Dim1vsDim2Dim2Annotation +
ggsave ( " StudyA−Dim1−Dim2 . pdf " )
# Bas ic p l o t of Dim3 vs Dim2 without p a r t i c i p a n t s
Dim3vsDim2actionsonly <−
ggplot ( ) +
theme_minimal ( ) +
coord _ f i x e d ( r a t i o = 1) +
xlim (−0.9 , 0 . 9 ) +
ylim (−0.9 , 0 . 9 ) +
# P l o t a c t i o n s in one colour/shape
geom_ point ( data = actionCoords ,
aes ( x = Dim3 , y = Dim2) ,
shape = 17 ,
colour = " red " ) +
# Add l a b e l s to a c t i o n points
geom_ t e x t _ r ep e l ( data = actionCoords ,
aes ( x = Dim3 , y = Dim2) ,
l a b e l = rownames ( actionCoords ) ,
s i z e = pointLabelS ize ,
box . padding = uni t ( 0 . 4 5 , " l i n e s " ) ,
segment . alpha = 0 . 2 ,
colour = pointLabelColour ) +
# Remove x and y l a b e l s as they ’ re e a s i e r to read on the grey l i n e s
l a b s ( x=" " , y=" " ) +
# Add o r i g i n l i n e s
geom_ h l i n e ( y i n t e r c e p t = 0 ,
colour = dimensionLineColour ,
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alpha = . 4 ) +
geom_ v l i n e ( x i n t e r c e p t = 0 ,
colour = dimensionLineColour ,
alpha = . 4 )
# Add dimension annotat ions to Dim3vsDim2 p l o t f o r ease of
i n t e r p r e t a t i o n
Dim3vsDim2Dim3Annotation <−
annotate ( " t e x t " ,
x = 0 . 5 ,
y = 0 . 0 3 ,
l a b e l = " Dimension 3 " ,
s i z e = dimensionLabelSize ,
colour = dimensionLabelColour )
Dim3vsDim2Dim2Annotation <−
annotate ( " t e x t " ,
x = −0.03 ,
y = 0 . 5 2 ,
l a b e l = " Dimension 2 " ,
s i z e = dimensionLabelSize ,
colour = dimensionLabelColour ,
angle = 90)
# P l o t p a r t i c i p a n t s
Dim3vsDim2participants <−
geom_ point ( data = part ic ipantCoords ,
aes ( x = Dim3 , y = Dim2) ,
shape = 20 ,
colour = " blue " ,
alpha = . 4 )
# Create b a s i c graph from p ar t s
Dim3vsDim2actionsonly +
Dim3vsDim2participants +
Dim3vsDim2Dim3Annotation +
Dim3vsDim2Dim2Annotation +
ggsave ( " StudyA−Dim3−Dim2 . pdf " )
Listing D.1: Sample R script for Study 4A.
The caOutput list object produced by the script contains several nested list
objects, including one called rows which contains the participants’ coordinates
(“subjects” in Nishisato, 2004) and one called columns which contains the mea-
sures’ coordinates (“objects” in Nishisato, 2004) (Greenacre, Nenadic, & Friendly,
2016; Nenadic & Greenacre, 2007). The type of coordinates specified is principal
because the principal coordinates of both the participants and the measures will
be plotted. There are several different types of coordinates for both participants
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and measures (actions) depending on the type of plot required. There is long-
standing debate in the literature (e.g. Greenacre, 2007; Nishisato, 2004) about
which type of plot is valid to use for interpreting the output from dual scaling
and the related method of correspondence analysis but, for a dual scaling anal-
ysis of paired comparisons data, “principal coordinates should be used both for
subjects [participants] and stimuli [measures]” (S. Nishisato, personal communi-
cation, April 17, 2018).
In the script, the participantCoords data frame is created in two steps: first,
the coordinates are extracted from the caOutput list to a data frame called
participantsCoordsAll; the contents of the participantsCoordsAll data frame
are copied to a new data frame called participantCoords without the even-
numbered rows. This is because the dual scaling analysis generated coordinates
for both the positive and the negative rows in the input matrix. Although this was
necessary for the analysis, only the positive coordinates are relevant to be plot-
ted. Plotting the negative participant points, just clutters the plot with a mirror
image of all the positive participant points and they are meaningless to interpret
(Greenacre, 2007). The participantCoords data frame contains only the positive
coordinates (the odd-numbered rows of the participantsCoordsAll data frame).
D.3.3 Additional comments and reflections on conducting a dual
scaling analysis with R
It would be possible to present individual differences data on the dual scaling
plots for interpretation. The ca package used to run the dual scaling analysis
has a parameter called suppvars. This enables the designation of supplementary
variables in the dual scaling analysis. By appending rows to the input matrix, and
designating them as supplementary variables, the dual scaling analysis generates
coordinates without them being part of the main analysis (this is important be-
cause each participant can have only two rows in the input matrix and providing
individual differences data for each participant would mean the same individual
was in the analysis twice). For example, participants could respond to the Cogni-
tive Reflection Test or the Cognitive Reflection Test 2 (Frederick, 2005; Thomson &
Oppenheimer, 2016) and receive a score of 0 for no correct responses (Low CRT)
to 4 for all correct responses (High CRT). These would be added to the input
matrix as four new rows (see Greenacre, 2007; Nenadic & Greenacre, 2007, for in-
structions about creating supplementary variables): two (positive and negative)
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for the Low CRT scores and two for the High CRT scores. The paired compar-
isons responses for the participants in the Low CRT group would be aggregated
into the relevant columns in the Low CRT rows. And the same for the High CRT
group. As for the participant rows, only the positive rows would be plotted for
interpretation.
Running a dual scaling analysis with R worked well aside from the lack of
documentation. Extending the existing dualScale package to support paired
comparisons data might make the process easier but the ca package was a sat-
isfactory alternative. The ca package was not designed for paired comparisons
data so a modified input matrix format was necessary for the paired comparisons
data to be analysed correctly. Using a separate plotting package like ggplot2 was
also necessary for plotting the coordinates generated from paired comparisons
data so that the negative coordinates for each participant could be suppressed
before plotting (the plotting capability in the ca package plots all the generated
coordinates and the researcher is unable to specify which rows to plot).
A technical constraint of the ca package was that, while it is appropriate to
use rotation on the the plots to make the plots easier to interpret, the ca package
does not support rotation (M. van de Velden, personal communication, Novem-
ber 8, 2017). With rotation, it might have been easier to interpret and describe the
dimensions. Because there was no rotation support known to the researcher, it
could not be included in the procedure used in Studies 4A–4C. Extensions to the
ca package or guidance on other R packages that could be used with the output
coordinates from a dual scaling analysis would be necessary to resolve this.
